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PREFACE. 






In this undertaking, tlie general reader is not supposed to be 
much acquainted with scientific researches, but to have some 
knowledge of descriptive geometry : the author, therefore, before 
be could venture to explain the principles of the oblique arch, and 
to reduce them to practice, has been induced to lay before his 
readers those problems which would afterwards be required, and 
that they may always be ready for the use of the working 
mason, or inspector, without being under the necessity of having 
recourse to other publications. Tn this treatise, the geometrical 
constructions and the calculations are quite independent of each 
other ; each system is complete of itself : so that the reader who 
is not acquainted with the principles of algebra may pass the 
formulae and proceed with the explanation of the figures and dia- 
grams ; but such as are able to understand the literal expressions 
will soon find their utility and the great convenience and facility 
which they afford in the construction of the oblique arch, for in 
making working drawings of developements to the full size, so 
much room is required to lay them down, that it is often difficult 
to find a place which will contain them ; the advantages, there- 
fore, of calculation, are obvious. In this treatise, every useful 
length, or distance, or angle, of an oblique arch, has been found 
principally by common arithmetic, from the doctrine of similar 
triangles. The principles of calculation have been applied to 
three oblique arches, which have been executed. 



n Uie author"* treatUe oa stone-cut ling, the construction of the 

')"« arch U given by a reverse process to that employed in the 

Present work ! it was there considered as necessary first to form 

,€ cylindric surface, from which the spiral surfaces of the 

* might be more easily and more exactly obtained ; stone 

««tters are, however, generally inclined to regulate the face from 

bed, and, upon consideration, that as the bed might be wrought 

T straight edges, the reverse process gives greater facility in the 
execution of the work, but whether we commence working the 
wch-stones with the soffit or the bed, the same templets would be 
rewired. Previously, however, to working the bed, it will be 
necessary to ascertain the angle of the twist. The forms of the 
templets are exhibited at No. 1, No. 8, No. 3, No. 4 (Plate 26) ; 
they are not shewn by any other author who has written upon the 
oblique arch. Of these templets, No. 3 and No. 4, called arch 
squares, are employed for the squaring the arch stones ; No. 3 is 
used in forming thebeds and soffits, viz.: having wrought one bed 
by means of the winding rules, No. 5, No. 6, the position and form 
of the cylindric surface of the soffit may be ascertained, by apply- 
ing No. 3 in the same manner as a common square, and having 
finished one bed and the soffit, the position and form of the spiral 
surface of the remaining bed may also be ascertained by No. 3 
The other arch square, No. 4, is employed in forming the end of 
the stone, which is also a spiral surface. In the application of 
these arch squares, the curved edge must rest upon the cylindric 
mirfucc of the soffit, and thus the three faces of every arch stone 
may be determined. Here it may he observed that as the work- 
man is not restricted, he may woik thebeds at one operation of 
any length which he may find convenient. Every other means 
lii-»iiles this of forming the arch-stones will be liable to great 
Inaccuracy. Though the instrument, first described in the au- 
thor's treatise on Blotie-eutting, is derived from a correct prin- 
ciple, it is difficult to keep it in a steady position upon the stone, 
\il lluis ]■. the instrument which is used in other publications for 
-minring the (tones. 
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It is very inconvenient to lay out the whole tie v elopement of 
an oblique arcli to the full size ; but it is only necessary to find 
the devolopement of half the intradosal line ; for by making a 
mould lo the half thus found, the other half may be drawn by 
reversing the ends of the mould and placing the curve on the 
other side of the line of subtense, and thus we shall have the en- 
tire curve, — see Plate A. 

It has become fashionable for writers on subjects even con" 
nected with science to use no definitions, the author i3 however 
of a different opinion, he has taken every opportunity to explain 
the complex parts of the oblique arch which could not be done 
by simple definitions. It will, therefore, be of great advantage 
o the reader to peruse with attention the descriptive definitions, 
■ginning page 38, before he begins to study the work itself. 

Considering the great expense of the tables which are neces- 

' for making the calculations, and the number of accurate 

figures represented in the plates, the author flatters himself 

lat this will not only be found a cheap, but a useful publication, 

j all who are desirous of acquiring a thorough knowledge of the 

irinciples of the oblique arch. 

In order that a book with plates may be easily consulted, so 
.s to save the reader the least possible trouble, every plate should 
e placed opposite to the page of letter press which contains its 
explanation, and this can always be done provided the type is 
sufficiently small. In this work the- size of the type has been so 
chosen, that out of 40 plates, 28 have been explained in the oppo- 
site pages. The plates which are not opposite to the letter press, 
being 12 in number, belong chiefly to the introduction. 



Most of the oblique arches iu this part of the country have 
jeen constructed according to the principles shown in this treat- 
le, particularly those upon the Newcastle and North Shields 
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TREATISE 
THE OBLIQUE ARCH. 

INTRODUCTION. 



GEOMETRY. 

The meaning of a right angle, an acute angle, an obtuse angle, and 
of a right-angled triangle, an acute-angled triangle, and an obtuse- 
angled triangle, is supposed to be understood either from the read- 
er's own practice or otherwise ; more than this, however, is in general, 
but very imperfectly known. As angles so very frequently require 
to be found under various circumstances, the following short dis- 
cussion upon their properties, their construction, and the construction 
of right angled triangles, will render the knowledge of them clear and 
familiar to the understanding of the workman far whose use this 
Treatise is principally intended. 

ON THE NATURE OP ANGLES. 

If from the point in which the two straight lines forming a right 
angle meet each other, the arc of a circle be described to meet each 
line, and if the arc be divided into ninety equal parts, and straight linea 
be drawn from the centre through each point of division, the right 
angle will be divided into ninety equal angles, each of which is called 
a degree; and if each degree be again divided into sixty equal parts, 
and straight lines be drawn to the centre, as before, each of these 
snial! angles is called a minute. 

A number having a small zero or cypher placed over the right hand 
shoulder of the figure, or last figure, shows this number to be as many 
degrees as the figure or figures express, and an accent placed in the 
same manner over a number, shows this number to be as nianym' 
as the figure or figures express. Thus 36" 23' mean thirty-s 
s, twenty. three minutes. 



.MiiC'XjI'CTlOX. ^PLATE 1. 

.■•. nii'i-tmc of two lines, which contain an angle, is 

* >: -.*>. /».' tin Hftolt . 

• -«. .-ii\M In the arc of a circle, described from the 

* ^ **. <<.••!•'» iYinrainins the ansie. 

* • • \r* 1\ 11IK CONSTRUCTION OF ANGLES. 

v. k - i ho two ends of an arc is called the chord of 

- s \\. n«,ui i in- on ils of an arc, taken with a pair ofcom- 
* ■ . » . rirMt or fubtenfit of tli e arc. 

, .<».»« n from the centre to meet the chord of an arc 

.x „ ,u divide* the chord into two equal parts, and if the 

, • •- n.tiliii-cd to meet the arc, the arc will also be di- 

" •' » «|tial parts 
* l ■ ■ .-• ilu- t -hiinl is called the sine of the half arc to which it 

"•»»w ii from the centre, to meet the chord perpendicularly, 
■ *».■ .v« y,, it f tlif half arc. 

* • ■•» i;nlui>. t!u« sine, and the co- sine form a right-angled 

» »■* uhuli the sine is opposite to the angle subtended by the 

■ »■ . »l 

I'UINcllM.K OK CONSTRUCTING ANGLES. 
V'- v u % iut til till is equal to the radius : 

v t-.Mu aii) straight lino as a diameter describe a semi-circle. Di- 

,' •» -it* itiiit three equal parts, and draw the two intermediate 

• l »l *!**■ i IninU of the three arcs : then the figure will be divided 

* ,v » » la.i-u t'lf& triangles of which each anjrle at the centre is one 

■"• *"** i\f\a uncles ; hut if an isosceles triangle have the angle 

' ."" •! In the equal sides equal to one-third of two right angles, 

" ' *»»{,!•■ la equilateral ; hence each of the two equal sides, is equal 

,' tltiol , Inn the two equal sides of each triangle are radii, and 

■ ■■'•! M.tr is th L . chord of one of the equal arcs; therefore the 

'.' V u » qiial in ihu chord ; but the angle at the centre being one- 

,| *»» .» right angles, is one third of 180° equal to 60°; hence the 

»*■ titl M i* ttjual to the radius. 

ON TIIK MEASUREMENT OF ANGLES. 
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TO CONSTRUCT A SCALE OF CHORDS. 

Draw a straight line A B (Fig. I.) and from B any point in A B 
draw B C perpendicular to A B, Make B A equal to ilie given 
radius, and from B witli the distance B A describe the arc A C. 
From Cwith the distanced Bcut the arc A Cat d, and from A with 
the same radius, cut the arc A C in e ,- then the quadrant A C is di- 
vided into three equal parts at the points d and e. Divide A d, d e, 
e C each also into three equal parts, and the whole are A C will thus 
be divided into nine equal parts. Divide each of these nine into ten 
equal parts, and the whole arc A C will be divided into ninety equal 
parts. Draw the chord A C, and from A with the distance of each 
point of division in the arc A d e C, cut the straight line A C as shown 
by the numbers 10, 20, 30, &c, and A C is a scale of chords. 

Figure 3 is a scale of chords transferred from figure 1, and is that 
which is referred to in the following constructions and in the men- 
suration of angles. • 

Figure 3 is a scale of equal parts as used in the construction of 
triangles, and is the scale referred to. The parts may represent 
feet, yards, chains, ftc. 

CONSTRUCTING OF ANGLES. 

From a given point A, Fig. 4, upon a given straight line A B, to 
construct a right angle by the scale of chords. 

From A, with a chord of CO", describe an arc B C; make B C equal 
to the chord of 90° ; draw A C, and the angle B A C shall be a 
right angle, or A C shall be perpendicular to A B. 

From a given point as a vertex, upon a given straight line to con- 
struct an angle, which shall contain a given number of degrees, &c. 

From the vertex, with the subtense of 60° taken from the scale of 
chords, describe an arc meeting the given line ; from the point of 
meeting with a distance equal to the chord of the given angle, cut 
the arc ; draw from the vertex a straight line through the point of in- 
tersection, and the two lines shall contain the angle required. 

At i 






Example. 



At a given point A, Fig. 5, upon a. given straight line A B, con- 
struct an angle of 35«. 

From A with a chord of 60S describe the arc d e meeting A B in 
d , from d, with the chord of 35°, cut the arc d e in e j through e draw 
A C, and the angle BA C shall contain 35 Q . 

: 



To make an angle equal to any number of degrees greater than 90° 
but less than 180°. 



[The student is requested to supply the diagram for this proposi- 
tion, it being omitted for want of room.] 

Let A be a given vertex, and A Bone of the given lines containing 
the angle ; from A, with the chord of S0 C , describe an arc B C; from 
t B, with thechord of 90°, cut the arc B C in d ; make d C 






IV INTRODUCTION. [PLATE 1. 

from the scale of chords equal to the excess of the given number of 
degrees above 90° ; draw A C, and B A C is the angle required. 

An Angle B A C, Fig- 5, being given to 6nd the number of de* 
grees it contains. 

From A, with the chord of 60°, describe an arc d e, meeting A B 
in d, and A C in e; apply the distance d e to the scale of chords, 
and the point of extension will show the number of degrees. This 
will he found to be nearly S5°. 

To make an angle B A C, Fig. 6 of 60°, without using the scale 
of chords. 

From A, with any radius, describe the arc B C ; from B, with the 
same radius, cut the arc B C in C ; join A C, and B A I ', is the angle 

For if a straight line B Cbe drawn, ABC will be an equilateral 
triangle of which the angle B AC will be 60°, as well as the angles 
atBandC. 

To make an angle B A C, Fig. 7, of 30°, without using the scale 
of chords. 

Take from A upon A B, the two equal distances Ar/,de; from 
d with the distance d e describe the arc ef; from e with the same 
distance cut the arc efinf; through/draw A C, and B A C, is the 
angle required. 

For if the chord ef and the radius dfbe drawn, def will bean 
equilateral triangle, and if the semicircle A febe completed, the angle 
« df at the centre will be double the angle e A for B A C at the 
circumference ; but e d f being an equiletral triangle, the angle 
e rf/is 60° ; therefore the angle B AC, is 80°. 

OF THE COMPLEMENT AND SUPPLEMENT OF AN ANGLE. 

The difference between any angle and a right angle Is called the 
complement of that angle. 

Thus 55° the difference between 35° and 90° is called the comple- 
ment of B5°, and reciprocally 35" the difference between 55° and 90" 
is the complement of 55°. 

The difference between an angle and two right angles, is called the 
supplement of that angle. 

Thus 14-3° the difference between 37°, and 180° is called the sup- 
plement of 37°, and reciprocally 37° the difference between 143" and 
180° is the supplement of 143°. 

TRIANGLES, 

The angles, as well as the sides of a triangle, are called parts, which 
are, therefore, six in number, of which any three being given, except 
the three angles, the other three may be found. In a right-angled 
triangle, as the right angle is always given, any two of the remaining 
parts, except the two angles, will be sufficient to construct the triangle ; 
and thus, in respect of the given data, we have five cases of right-angled 
triangles, which are as follows:—. 
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LATE 1.] INTRODUCTION. T 

Two parts being given to construct a right-angled triangle. 
Case 1. 
Given the two Bides, which contain the right angle, to construct 

the triangle. 
From the same point draw two straight lines perpendicular to each 
other; make these lines respectively equal to the two sides ; join 
the unconnected extremities, and the figure will be the triangle re- 
quired. 

Example. 

Construct a right angled triangle, of which one side shall be 35 

and the other 19 feet. 

Draw A B, Fig. 8, and B C perpendicular to A B ; make A B 

equal to 35 feet, and B C equal to 19 feet ; join A C, and A B C is 

the triangle required. 

Case 2. 
Given the hypothenuse and one of the other two sides, to construct 
the triangle. 
Draw a straight line, and make it equal to the hypothenuse. Upon 
the hypothenuse, as a diameter, describe a semicircle ; from one end 
of the diameter, with the length of the other side, cut the semicircular 
arc; join the point of intersection and each end of the diameter, and 
the figure is the triangle required. 

Example. 

The hypothenuse being 40 feet, and the other side 35, construct 

the triangle. 

Draw A C Fig. 9 ; make A C equal to 40 feet ; upon A C, as a 

diameter, describe the semicircle ABC; from A, with the length 

35 feet of the other side, cut the semicircular arc in B ; join B A, 

B C, and the figure A B C is the triangle required. 



G; 



Case 3. 



riven one of the two sides about the right angle, and the angle ad- 
jacent to that side to construct the triangle. 

Draw a straight line ; make it equal to the given length ; from one 
end raise a perpendicular ; at the other end of the given line make an 
angle equal to the given angle, and the figure made by the meeting 
of the lines shall be the triangle required. 

Example. 

One side about the right angle being 35 feet, and the adjacent angle 

28° 30' construct the triangle. 

Draw A B, Fig. 8 ; make A B equal to 35 feet ; draw B C perpen- 

pendicular to A B t make the angle B A C equal to 28 Q 30', and the 

c fure A B C is the triangle required. 
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Caa 1. 

. ..^ .«o sides about the right anofe, and xht nag 
u:t£.c to that side to construct the trzaagfe- 
:k v oinpleiucut of the gi*en angle, and we sUIi tens jn 
•inv'vot t\> the given side ; therefore, proceed a* la caatl^jniLdiR 
..iv'iViiktructcJ 5iall be the triangle reqeured. 

EXAXFIX. 

in- side about the right angle equal to 35 feet, rni At ^ 



incite angle equal to 61 s 30 coG.*truct the 
liu i uiiipliuient of 61° 30\ is 29 s 3*/; proceed now a* m tfhr 
. . .unfile to case 3, and this shall be the triangle required 

Case 5. 

Ciivcu the hypothenuse and an angle to construct the a 
Draw a straight line ; make it equal to the hypothenuse ; upon dhe 
uivuu line as a diameter, describe a semicircle ; make an angle wriani 
tilts diameter at one of its ends equal to the given angle ; draw a 
bliuiuht line from the other extremity to tbe point of intersection, aad 
lliu figure shall be the triangle required. 

Example. 

(iivuu the hypothenuse equal to 40 feet, and one of the angles 

28° 30 , construct the triangle. 
Draw A C, Fig. 9 ; make A C equal to 40 feet ; upon A C describe 
tin: ncmicircular arc ABC; make the angle CAB equal to 28° 30" ; 
tUuw /i C 9 and the figure A B C is the triangle required. 

In any of the five cases to find the parts of the triangle required.^ 
if angles they may be ascertained from the scale of chords, and if 
side* from the scale of equal parts. 

THE NAMES OF THE THREE SIDES OF A RIGHT-ANGLED TRIANGLE. 

If the hypothenuse be called radius, the side opposite to either of 
the acute angles is called the sine of that angle, and the remaining 
side, which, with the radius contains the angle, is called the cosine 
vf the angle. See page 2. Thus in the triangle ADC, Fig. 10, if 
A C be called radius, the side B C opposite the angle A is called the 
sine* and side A B the co-sine of the angle A* 

Ifooe of the sides about the right angle be called radius, the other 
side is called the tangent of the opposite angle, and the hypothenuse 
Ou secant of the same angle. Thus in the right angled triangle AB C, 
Kg 11, if A B be called the radius, B C is called the tangent of the 
angle A, and A C the secant of the same angle A. 
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Given the three parts of an oblique-angled triangle to construct the 



triangl 
Casi 



1. 






Given the three sides of which any two is greater than the third to 
construct the triangle. 
Draw a straight line, make it equal in length to one of the sides, 
From one end of the line with the length of another side describe an 
arc ; from the other end describe another arc to intersect the other ; 
join the point of intersection, and each end of the line, and the figure 
shall be the triangle required. 

Example. 
Given the three sides respectively equal to 78, 57, and 38 feet con- 
struct the triangle. 
Draw A B Fig. 1. ; make A B equal to 78 feet ; from A with the 
distance of 57 feet, describe an arc; from B with the distance of 38 
feet, describe another arc, intersecting the former at C; join C A, 
C B, and the figure A B C, is the triangle required. 

Case 2. 
the contained angle to construct the tri- 
angle. 

Draw a straight line ; make the line equal in length to one of the 
given sides ; from one end of the line make an angle equal to the given 
angle ; from the vertex upon the unlimited line, set off the length of 
one of the other two sides; join the unconnected ends of the two 
lines, and the figure shall be the triangle required. 



i the two e 



Given the two sides respectively equal to 78 and 57 feet, and the 

contained angle 27° 30' to construct the triangle. 

Draw A B Fig. 1. ; make A B equal to 78 feet ; make the angle 

B A C, equal to 27° 30'; make A C equal to 57 feet; join B C, and 

A B Cm the triangle required. 

Case 3. 
Given two sides, aud an angle opposite to one of them, to construct 
the triangle. 
Draw a straight line; make the length of the line equal to one of 
the given sides ; at one end of the line make an angle equal to the 
given angle ; from the other end, with the length of the other side, 
cut the unlimited side of the given angle , join the end of the line 
and the point of intersection, and the figure shall be the triangle re- 
quired. 

Example. 
Given two sides of a triangle respectively equal to 78 and 57 feet, 
and the angle opposite to the side 57 equal to 43 d 30', to construct 
the triangle, 
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Draw A B, Fig. 1 ; make A B equal to 78 feet ; make llie angle 
A B Cequal to 43° 30' ; from A, with the distance of 57 feet, cut B C 
in C; join A C, and A B Cis the triangle required. 

Case 4. 

Given a side, and the two adjacent angles to construct the triangle. 
Draw a straight line ; make the line equal to the length of the given 
side ; at each end of the line make angles respectively equal to the 
two given angles, and the figure shall be the triangle required- 
Ex ample. 
Given one side equal to 78 feet, and the two angles respectively 
equal to 26°, and 43° 30' constrnct the triangle. 
Draw A B, Fig. 1 ; make A B equal to 78 feet ; make the angle 
B AC equal to 27° 30'; the angle ABC equal to 43° 3C, and the 
figure A B C is the triangle required. 

Case 5. 

Given two angles and a side opposite to one of them to construct 

the triangle. 

In this construction the line which is to be opposite to one of the 

given angles will he adjacent to the other. 

Draw a straight line ; make the line equal to the length of the given 
side ; make an angle at one end of the line equal to the adjacent an- 
gle ; make an angle at the other end of the line equal to the supple- 
ment of the sum of the two given angles, and the figure enclosed by 
the three lines is the triangle required. 

Example. 
Given the two angles respectively equal to 27° 30', and the side op- 
posite to 43° 30' equal to 57 feet, construct the triangle. 
Draw A C (Fig. 1); make A C equal to 57 leet; make the angle 
CA B equal to 27° 30'; make the angle A CB equal to 109°, which 
is the supplement of 71°, the sum of 27° 30', and 43° 30', and the 
figure enclosed by the three straight lines is the triangle required. 

In any case when a triangle is constructed to find the remaining 
parts; the length of the sides will be found by applying the lengths 
found by construction upon the scale of equal parts, and the mea- 
surement of angles by the scale of chords. 

■ BISECTION OF A LINE PERPENDICULARLY. 

To bisect a given straight line A B, Fig. 2, that is to divide it into 
two equal parts. 

From A, with any distance greater than the half of A B, describe 
an arc ; from B, with the same radius, describe another arc intersect- 
ing the former arc at d and e ; through the points d, e, draw the 
straight tine F G, and F G will bisect A B perpendicularly in C. 
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PROBLEMS REQUIRED IN PRACTICE. 

Prob. I. — From a given point t'(i ; ig. 3), near the middle of a straight 
line A B to draw a perpendicular. 
On each side of the point C, upon the line A B, take two equal 
distances C e, Cf; with any radius greater than C e or Cf describe 
an arc from the point e ; with the same radius describe another arc 
from the point / intersecting the former arc in ff ; through g draw 
the straight line C D, and C D is perpendicular to A B. 

Prob. II. — From a given point B (FJg. 4), at the end of a given 
straight line A B, to draw a perpendicular. 

Make A B, taken from a scale of equal parts, equal to 4 feet ; 
from B, with a distance equal to 3 feet, describe an arc ; from A, 
with a distance equal to 5 feet, describe another arc intersecting the 
former in C ; join B C, and B C is perpendicular to A B.» 

The same thing may be done by using the numbers 6, 8, 10, in- 
stead of 3, 4, 5, or any numbers in the proportion of 3, 4, 5. 

Prob. III_ — To bisect a given angle ABC, Fig. 5. 
From B, with any radius, describe an arc d e, meeting B A in d, 
and B C in e; from d, with any radius greater than half the distance 
between d and e, describe an arc ; from e, with the same distance, de- 
scribe another arc, meeting the former in /; through /draw B C, 
and B C will bisect or divide the angle: A B Cinto two equal angles. 



ngle at the point E ("Fig. 6), with the straight 
ontain an angle equal to the given angle 

enient radius, describe the arc d e, meeting 
from /.', with the same radius, describe an 
make ff h equal to d e ; through A draw 



Prob. IV. — To make an i 

line /> E. that shall • 

ABC. 

From B, with any con 
B A in d, and B C in e ; 
arc ff k, meeting E D in _ 
the straight line E F, and D E P 'is the angle required. 

Prob. V. — To make a straight line equal to the length of a given arc. 
The thing here proposed to be done cannot be effected by any rule 
founded upon geometrical principles. It is evident that if a given 
arc be divided into equal parts, and the chords of these arcs be as 
often repeated upon a straight line, the multiple thus extended 
will be less than the length of the arc ; the smaller, however, the dis- 

■ For ii A C be drawn, and ii' the square of -J C be equal to the sum ul' the 
squares of A B, B C, the triangle ABC shall be a right angled triangle (Eu- 
clid, Bouk 1 , Proposition 4t(), the right angle, being at B ; therefore, because 
(■'+IV=(n'— l)"+(2n) ; , the numbers <.* + l„ a*— 1, 2 n, are the sides of a right 
angled triangle ; thus let >i=2, then »*+ 1=5, n>— 1 =3, 2 n=4 ; therefore lie- 
cause the sides of the triangle A B C are 5, 4, 3, it is right angled. The numbers 
3, 4, fi, or their doubles, li, 8, 10, are very convenient for the use of workmen ; 
there are numbers, however, in a very different proportion that will answer the 
same purpose; thus let «=4, then b*+1=17, «»_1— 16, 2 a=8 ; hence 17, IS, 
8, are the sides of a right angled triangle, but more inconvenient than the others. 



tance is between tile points, and the more numerous the parts are, 
the straight line which contains the multiple shall be the more nearly 
equal to the length of the arc. 



Find the length of the arc A B, Fig. 7. 
Take a small distance between the points of the compasses, and sup- 
pose the arc to contain this distance eight times from A to c with a 
remainder c B ; draw the straight line D E, upon which repeat the 
chord as often as the number of small equal arcs are contained upon 
the whole arc from D to /; make f E equal to the remaining part 
e B of the arc, then will D E be nearly equal to the arc A B. 

Observation. 
In practical works, when the points through which a curve requir- 
ed to be drawn are given by being previously found, the curve is 
drawn by placing small nails in the points, and bending a thin slip of 
wood, or other elastic substance, round the points, and by drawing a 
curve by the side of the slip nest to the nails ; then the length of the 
slip extended in a straight line 



e will be equal very nearly to the length 
The length of the curve obtained in this way is 
t is possible to be found. 



ofth< 

perhaps as exact 

Pros. VI. — Upon a straight line A C, Fig. 8 as a chord to describe the 
arc of a circle, the height of the middle of the arc being given. 
Bisect A C by a perpendicular B E intersecting A C in J 

make D E equal to the height of the arc; draw the chord A B 
; bisect A B by a perpendicular, meeting BE' 



e the arc A B C, and A B 



the half 

from E, with the distance E B, 

is the arc reqt 

It frequently happens that the distance of the centre of the circle 
is SO very great as to make it inconvenient to get a radius and the 
portion of the arc of the circle required so very small, recourse must 
be had to the method of describing an arc of a circle without using the 
centre by 

Prob. VII. — The same things being given to describe the arc with- 
out making use of the 
Draw the straight line A C, Fig. 9, and make A C equal to t' 
chord ; bisect A C by a perpendicular B D, meeting A C in D ; m 
D B equal to the height of the arc. Having prepared two thin slip 
wood with straightedges, each being a little longer than the chord AC 
lay the one slip upon the other so that the straight edges being oi 
ermost, may intersect each other at B ; one of the straight e' 
resting upon a pin at A, and the other upon a pin at C ; fix these 
slips together at B, and to keep them invariably to the angle, ft 
another slip G H, at each end to each of the other two; move tin 
gle E B F, so that the side B E may slide upon the point A, and the 
side B F upon the point C, while a pencil being held to the vertex 
B of the angle, will describe the arc ABC. 



t 
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Another method still n 
Let A C (Fig. 1) be a straight line equal i 
Bisect A C in g, and draw g A perpeni" ' 
equal to the height of the arc. Draw A 1 
which prolong to any convenient point E. Make A D equal to A E, 
and join E D. Let A, A, C, Fig. 2 be points at the same distances 
from one another as the points A, A, (.', Fig. 1. In Fig. 2 fix two 
pins one in A and the other in A, and move the angle E B D so that 
the edge B E may slide upon the pin A and the edge B D upon the 
pin A while during the motion a pencil being held at the point B of 
the angle EBD will describe the arc A A. In the same manner, by 
taking the pin out of A and placing it in Cj the arc A C will be described 
which will complete the entire arc Ah C of which the chord is A C 
and the height g k, 

'hob. VIII. — The two axes of an ellipse being given to find any num- 
ber of points in the curve. 
Let A B(Fig. 3) be the axis major. Bisect^ Sin Cby the per- 
pendicular E D. Make C E equal to the semi-axis minor, and make 
C D equal to C E. Through E draw F G parallel to A B, and 
draw A F and B G parallel to D E. Divide A F, A G, each into 
the same number of equal parts at 1, 2, 3, &c. From the points 1, 
2, 3, Ac., in A F draw 1 E, 2 E, 3 E, Sec, and from D through the 

Joints 1, 2, 3, &c , in A C, draw D b, D c, I) d, &c, meeting the lines 
E, 2 E, 3 E, fire, in the points b, c, d, &c. In the same manner find 
the points b, e, d, Sea,, on the other side of D E, From the point A 
and through the points 6, c, d, &c., draw the curve A b c d E, and in 
' * the curve Bb cd E. 



Pi 



Phob. IX. — Given the two axes of an ellipse, I 

curvature at the extremities of the axes, the 

approximate curve by the arcs of circles. 

Let AB (Fig. 4) be the axis major. Bisect A B in C by the 
perpendicular E D, and make C E, equal to the semi-axis minor. In 
(Fig. 4. No. 2) draw ip and i n at any convenient angle. In ip make 
i m, ik respectively equal to C A, C E (Fig. 4, No. 1). From the 
point i (Fig. 4, No. 2) describe the arcs tnn, kl meeting i n in n and 
/, and join m I. Draw n p parallel to I m, and draw A q also parallel 
to / m meeting i n in q. Make E D No. 1, equal to t p No. 2, and 
upon A B. No. 1, make A e, Bf, eacli equal to i q No, 2. From 
the centre D No, I, with the distance D E describe the arc G H, and 
from the centres e,f with the distance A e equal to S/describe the 
arcs A L, B K. Then the three arcs A L, B K, G 11, will very 
nearly coincide with the curvature of an ellipse drawn upon correct 
principles. The remaining portions of the curve may be traced by 
band. In order to find another point in each curve between the arc 
thus described ; from E the extremity of the semi-axis minor, with 
the distance C A or C B, the semi-axia major, cut A C at m, and 
BCetn. Parallel to C E draw t»p, n q ,■ make mp,nq each equal 
' e or Bf, and the points p and q are in the curve. 
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Observation. 

The radius of curvature at the extremity of the semi-axis minor, 
at each extremity of the semi-axis major, may be found by calcula- 
tion as shown in the observations after Problem XIII. 
The points m, », are the two focii of the semi-oil ipse A E B, and 
the lines nip, » q\ the ordinates to the curve passing through the 
focii are eacli termed the lams rectum, which is a third proportional 
to the semi-axis major and the semi-axis minor as shown by the writers 
on conic sections. 

THE USE OF TQE TRAMMEL. 

The trammel consists of two parts, of which one is fixed and the 
other moveable ; the fixed part is a plate of metal or a thin piece of 
wood of inconsiderable thickness, comprised between parallel plane 
surfaces, with two grooves receding from one of the faces at right an- 
gles to each other, and the moveable part is a bar having a hole 
through it at one end to hold a pencil, and two pieces made to slide 
along its sides with a steel pin in each slider; these pins are of a 
cylindrical form, so that the centres of their circular ends, and the 
point of the pencil may always be in a straight line, and to admit of 
being fixed at any distances from the pencil point, and that the cy- 
lindric pins may be fitted exactly, and to move freely in the grooves, 

Prob. X. — The axes of an ellipse being given to describe the curve 
by a trammel. 
Place tlie middle of the groove G H (Fig. 5) upon the axis major 
A B, so that the intersection may fall upon the centre C. Let i p 
be the edge of the trammel bar, and p the point of the pencil. Slide 
each of the moveable pieces, so that their distances from p may be re- 
spectively equal to C E, C A. Then place k the centre of the nearest 
steel point in the groove G H, and i the centre of the most remote in 
the groove F C. Move the end p of the bar while the points k, i, re- 
main in the grooves, and the pencil at p will describe the curve. 

Prob. XI. — Given the semi-axis minor, the abscissa upon the semi- 
axis minor an ordinate parallel to the axis major, to describe the 
curve. 

Let e E (Fig. 6) be the semi-axis minor, e the centre, and h A or 
h B an ordinate. Prolong E e to m, and through c draw C D paral- 
lel to A S. From B with the distance Ee cut e D in/; join Bf 
and prolong Bfto meet e m in q. In e C take e k less than ef, and 
from the point A with the distance/? cut e mini, join ih and prolong 
i k to p. Make k p equal to e E or/J9, andp is the point in the el- 
lipse. In the same manner may be found as many points as will be 
sufficient to draw the curve, but which may be better drawn by the 
trammel. 
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Piiob. XII. — To describe a curve comprised by five circular arcs which 
shall be a near approximation to the curve of'agiven semi-ellipse. 
Let A G (Fig. l)be Ihe axis major. Bisect AG in M by the per- 
pendicular D J, and make M D equal to the semi-axis minor. Draw 
Dp making any given angle with DJ- From D with the distance D M 
cut Dp in n, and again from D with the distance A M or At G, cut 
DJ in q, and D pin p. Join f nand parallel to q n, draw /■ ,/,'iritl draw 
ilfr parallel tog-n, meeting Dp in r. From/ with the radius .//) de- 
scribe the arc C£ so that Z> Cand DE may be each about 15° or C E 
about 30° and join C J and E J. In A G make A H and G L each 
equal to X> r. In C 7. make C • equal to A ft. and join Us. Bisect 
i/« by a perpendicular ( / meeting C Jin I. Join / Hand prolong 
/ H to B. In J E, make J K equal to ./ 1. Join A" /., and pro- 
long K L to F. From the centre /, with the distance / C, describe 
the arc B C, and Irom the centre B, with the distance B B describe 
the arc A B. Also from the centre K with the distance K E, de- 
scribe the arc E F, and from the centre L with the distance L F, 
describe the arc F G ; then the curve AB CD EF G will be a 
very near approximation to the curve of'a semi-ellipse. 

Prob. XIII. — To describe a curve composed by circular arcs from 
seven centres which shall be a very near approximation to the 
curve of a semi-ellipse, the two axes being given. 
Let A I ( Fig. 2) be the axis major. Bisect A I in J by a perpen- 
dicular E N, and make J E equal to the semi-axil minor. By Pro- 
blem VIII., find the points B, C, D. Bisect D E by a perpendicular 
t N, and join D N, and suppose C D joined. Bisect C D by a per- 
pendicular u M, meeting D JV in At, and join C M. Suppose B C 
joined, and bisect B C by a perpendicular t L, meeting C At in X. 
Let N D intersect A J in «, and let M C intersect A J in $ la 
J I make J «', J & respectively equal to J a, J 8- Join A/ a', and 
prolong JV k' to F. In N F make N O equal to JV At; join O $', 
and prolong 0' to G. In O G make O P equal to M L. From 
the point JV, with the radius JV E, describe the arc D F; from the 
point At, with the radius M D, describe the arc C D. Draw L w 
parallel to A 1. From the centre L, with the distance L C, describe 
the arc w C, Join w A, and prolong id A to meet the arc w C in x. 
Join x L, intersecting A J in K. In J I make J Q equal to J K\ 
join P Q, and prolong P Q to H. From the centre O, with the ra- 
dius O F, describe the arc f C; from the centre P, with the ra- 
dius P G, describe the arc G N, and from the centre (?, with the 
radius Q H, describe the arc H I. Then the curve AxCDEFGHI, 
comprised by the circular arcs A x,xC,C D, &c, will be a very near 
approximation to the semi-ellipse of which the axis major is A J, and 
the semi-axis minor J E ; since Ihe points A, B, C, Ac, are in the 
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The great utility of Problems XIII and XIV is in describing the 
elevation of a genii-elliptic arch. Having described the curve A B 
C D E G ( l'ig. 2) divide it into as many equal parts as the arch 
stones are in number, observing that this number should always be 
odd, on account of the key-stone. In this example this number of 
Btones are 29. Therefore divide the curve A E 1 into twenty-nine 
equal parts. Prolong jV E to e. Make E e equal to the breadth of 
the arch stones ; prolong O F taf; P G to g and Q H to h. From 
the centre N describe the arc cf; from the centre O describe 
thearc/j/; from the centre /"describe the arc g h, and from the 
centre Q describe the arc h i. The same is to be understood of the 
other side on the right hand of the semi-axis minor E J. The centre 
N will serve to draw all the joints of the stones through the points of 
division in the arc D EF; the centre through the points in the 
arc F G ; the centre P through the points in the arc G H, and the 
centre Q through the points in the arc H I. The same is to be un- 
derstood of the right hand side. 

In (Fig. 1) the semi-axis major M At. 
scale of equal parts about 33^ say feet, and the semi-s 
about 19 from the same scale. In this case the radi 
may be found in the following manner, < 
to the semi-axis major, so is the semi-ai 
tional which is the radius of curvature D J ; that is 

M D: M A: : M A .- D J, the radius of curvature 
that ts 19 ; 33-5 : : 33-5 : 59 feet equal to D J very nearly. 

Therefore having drawn D J (as in Prob. XII); make D J equal 
to 59 feet from the same scale. 

The distance A H or G L is a third proportional to the semi-axis 
major and the semi-axis minor; hence 

MA: M D : : M D: A H or G L the radius of curvature 
that is 33-5 i 19 a 19 : \0-l=A H or G L very nearly. 

Therefore make A Hot G L each equal to 10-7 feet, and pri 
in all other respects as directed in Problem XII. 



e from the 
i minor M D 
of curvature 
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to a third pro] 
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SECTION II. 

ON THE CYLINDER, ITS SECTIONS, AND DEVELOPMENT. 



If a rectangle revolve about one of its sides until the opposite side 
comes into its first position, the solid comprised is called a cylinder. 

The fixed line is called the axis. 

The surface described by the side of the rectangle which is parallel 
to the axis is called the cylindric surface, or some times the curved 
surface. 

The circles described by the two sides of the rectangle which are 
perpendicular to the axis are called the bases or ends of the cylinder. 

A portion of a cylinder cut offby a plane parallel to the axis is called 
the segment of a cylinder ; if the plane pass through to the axis the seg- 
ment is a semi-cylinder. 

In this treatise, the segment of a cylinder never exceeds the Bemi- 
cylinder; but is generally less than the half. 

The plane of the segment of a cylinder, which is parallel to the 
axis, is called the springing plane. 

The straight lines in which the springing plane intersects the curved 
surface of the cylinder arc called the springing lines. 

The section of the segment of a cylinder, perpendicular to the axis 
or perpendicular to the springing lines, is called the right section. 



r CONVENTIONAL PRECEPTS AND LEADING PRINCIPLES. 

The springing lines are parallel to each other. 

A straight line in the chord plane parallel to one of the springing 
lines is parallel to the axis of the cylinder, and a straight line which is 
parallel to the axis of the cylinder is parallel to the springing lines, 

The centering of any arch treated of in this treatise must be un- 
derstood to be made in form of the segment of a cylinder, the intrados 
of the arch being the reverse of the curved surface. The springing plane 
of the segment is always parallel to the plane of the horizon. The sur- 
faces of the tops or under edges of the beams to which the ribs are 
fixed are placed in the springing plane. 

The section of a cylinder cut by a plane perpendicular to the axis 
is a circle. 

The section of the segment of a cylinder, cut by a plane perpendi- 
cular to the axis, is the segment of a circle, and the section of the 
springing plane is the chord of the arc. 
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All parallel sections of the segment of a cylinder, cut by a plane 
either parallel or obliquely to the axil, are equal to one another, and 
if one was laid upon the other they would coincide. 

If a cylinder be cut by a plane obliquely to the axis, the section ia 
an ellipse of which the longest diameter is the axis major and the 
shortest the axis minor and the axis minor of the ellipse is perpendi- 
cular to the axis of the cylinder, and since the two axes of an ellipse 
are at right angles to each other, if the axis of the cylinder be hori- 
zontal and the axis minor of the ellipse perpendicular to the horizon, 
the axis major of the ellipse shall he parallel to (he horizon, and the 
acute angle made by the axiB of the cylinder, and the Bemi-axis major 
of the ellipse ia equal to the tingle of inclination which the axis of the 
cylinder has to the plane of section ; therefore if ihc cylinder be cut 
by another plane passing through its axis and through the axis major 
of the ellipse, the section of the solid will be a springing plane passing 
through the axis of a cylinder, and the acute angle made by one of 
the springing lines, and the axis major of the ellipse shall be equal to 
the inclination of the axis of the cylinder to the oblique plane of see- 
Hence if a segment of a cylinder be cut by a plane obliquely to 
the axis and at the same time perpendicular to the springing plane, the 
section will still be that of a portion of an ellipse cut off by a double or- 
dinate parallel to the axis-major, and the abscissa apart of the semi- 
axis minor equal to the height of the right section of the segment of 
the cylinder. 

If a straight line in the chord plane be drawn parallel to the spring- 
ing lines or the axis of the cylinder, and if two points be taken 
in this line, two straight iines drawn from each of the points per- 
pendicular to tbe chord plane to meet the cylindric surface are equal 
to each other. 

If the segment of a cylinder be cut by two planes one perpen- 
dicular and the other oblique to the axis, and if a straight line be 
drawn on the chord plane parallel to the axis to meet the sectional 
lines, and if Irom the point of meeting a straight line be drawn in the 
right section perpendicular to tbe chord, and in the oblique section 
perpendicular to the double ordinate, to meet the curved surface, these 
perpendiculars shall be equal to one another. 

In this treatise it must be understood that when the segment of a 
cylinder is cut by a plane obliquely to the axis, tbe plane of section 
is always perpendicular to the springing plane. 
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l'jios. XIV Given the right section of a cylindric arch, with radiat- 
ing joints, the section of the cylindric surface being the arc of a cir- 
cle not greater than a semicircle, and the angle of obliquity to find 
the oblique section. 

Let AB C, Fig. 1 and Fig. 2, be the right section, draw C L and 
A K each perpendicular to A C. In C L take any convenient point 
L and make the angle C L K equal to the angle of obliquity. — 
Divide the are A li C into any number of equal parts at 1, 2, 
3, &c., and from the points 1, 2, 3, &c., draw straight lines to radiate 
to the centre /, and these lines will represent the joints. Again from 
the points 1, 2, 3.&c, draw 1 b,2c, 3d, &c, intersecting A C perpen- 
dicularly in the points a, 0, y, &c, meeting K L in b,c, d, &c. Per- 
pendicular to K L draw be, cf,d g, &c, and make b e, cf, dg, &c, 
respectively equal to « 1, 2, y 3, &c. ; and from K, through the 
points e, J, g, draw the curve K efg...g...L, -which is the section 
of the curved surface of the cylinder. In Fig. 1 the arc ABC being 
a scmi-circle the centre / is in the diameter A C. In Fig. 2 the arc 
being less than a semi-circle, the centre I will fall without the seg- 
ment ; therefore draw I P to meet the chord A C perpendicularly 
in P, and bisect K L, in p. Draw p i perpendicular to K L, and make 
p i equal to P I. From t through the points K, e, f, g, &c, draw the 
radiating lines K h, el,fm, &c, which are the joint lines of the ob- 

»lique section. 
Demonstration. 
The circular arc A B C being the right section of the intrados or 
concave cylindric surface of the underside of the arch, and A C the 
chord of the arc A B C ; draw AKandCL each perpendicular to 
A C, and let E A" in the chord plane be the line of section. Then be- 
cause by construction the straight lines a.b,Qc, y d, &c.. meeting A C 
in the points «,£,y,&c., and KL in the points b, c,d, &c,are parallel to 
C L or A K, and because a. i, 2, y 3, &c-, are perpendicular to AC, 
and because be, cf, dg, &c, are perpendicular to K L, and because 
6 e, cf, dg, &c, are respectively equal to a 1, S 2, y 3, 4c. Sup- 
pose now the arc A B C to be raised upon its chord, A C in a plane 
perpendicular to the plane A C L K, and suppose the curve Kefg 
...Lto be raised upon the sectional line A' L in a plane likewise perpen- 
dicular to the chord plane AC K L ; it is evident that the points e,f, 
g, Ac, are not only in the plane of section, but are in also in the surface 
of the cylinder ; for planes passing through a b, 0c, y d, &c, perpendi- 
cular to the plane AC L K, would cut the segment of the cylinder in 
rectangles, of which the ends would be the ordinates ; viz, b e equal to 
a. \,cf equal to 3 2, dg equal to y 3, &c. 



PnoB. XV. — To find the development of the curve of the oblique 
section of the segment of a cylinder, the angle of obliquity being given. 

Let A B C (Fig. 1) be a right section of the segment of the cylin- 
der, A C being the chord, and s B the height of the arc ABC. 
Draw C H perpendicular to A C, and make the angle C A H equal 
to the complement of the angle of obliquity. Prolong C A to D, and 
make A D equal to the length of the arc A B C (Prob. v., Sec. I). 
Draw D E perpendicular to A D ; make D B equal to C H, and join 
A E. Divide A E into any number of equal parts at the points 
1, 2, 3, &c, and parallel to D E draw 1-1, 2-2, 3-3, Ac, meeting 
A D in 1, 2, 3, &c. Divide the arc ABC into the same number 
of equal parts as the straight line A E, and from the points 1, 2, 3, 
&c, in the arc A B C draw the lines 1 a, 2 b, 3 c, Sic, intersecting 
A C perpendicularly in a, b, c, &c, and meeting A II in a, b, c, &c. 
From the points 1, 2, 3, &c, in A D, make 1 «, 2 0, 3 y , &c., re- 
spectively equal to a a, h b, i: c, &c, and from the point A through the 
points a, 0, y, &c, draw the curve A tn E which will be bisected in 
m by the straight line A E. 

If H Z be drawn parallel and A Y perpendicular to A D meeting 
H Z in Y, and if ¥ Z be made equal to Y II, and if A Z be joined 
a straight line drawn through the point m in the curve will be a tan- 
gent. 

GENERAL PRINCIPLE. 

From this operation it is evident that in the development of the 
surface, the semi-ellipse will become an undulated curve of such a na- 
ture that a straight line drawn from one extremity of the curve to the 
other will divide the curve into two equal parts, the one half being on 
the one side, and the other half on the other side of the straight line, 
so that two points being taken in the straight line at equal distances 
from the point of intersection shall be equally distant from the curve. 
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Observation. 

In the same manner the development of the curved surface of the 

segment of a cylinder cut by a cylindric surface of which the axis is 

perpendicular to the springing plane may be found as is evident from 

figure 3, and from the explanations given of figure 1. 
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SECTION HI. 

Definitions. 

. If a limber plane surface, or pnper, of which the outline is a right- 
angled triangle, be rolled upon the curved surface of a cylinder so as 
to have no vacuity, and that one of the sides about the right angle 
not greater than the circumference of the cylinder, may be in a 
plane perpend icular to the axis, the curve line assumed by the hypo- 
thenuse becoming bent, is called a cyliadric spiral. 

From this definition it is obvious, that of the two sides about the 
right angle of the triangle thus bent, the one which falls upon the 
circumference will be an arc of a circle, having the same radius as the 
cylinder, and the other a straight line parallel to the axis. 

2. The axis of the cylinder is also called the axis of the spiral. 

3. The radius of the cylinder is colled the radius of the spiral. 

4. If the limber surface be unrolled so as to coincide with a plane, 
e figure again resumes its triangular form, and is called the triangle 

•f development. 

5. The side of the triangle, which was applied to the circumference 
f the base of the cylinder, is called the base of development. 

6. The side of the triangle which -was parallel to the axis of the 
:ylinder, is called tile perpendicular of development- 

7. The bypothenuse is called the development of the spiral line. 

8. If a straight line be supposed to move perpendicular to the axis 
f a cylinderic spiral, continually touching the spiral, the surface gene- 
ted is called a spiral surface, whether it lies between the axis and 
e spiral line or on the other side of the spiral line. 
If another cylindric surface, about the same axis, be supposed to 

intersect the spiral surface, the line of intersection of the two surfaces 
will be another spiral of which the triangle of development shall have 
its perpendicular equal to the perpendicular of the triangle of develop- 
ment of the first spiral, and the lengths of the bases of the two de- 
velopments will have the same ratio to one another as the radii of 
their respective cylindric surfaces. 

9. In the triangles of development of the two spirals belonging to 
the same spiral surface, the difference of (he angles made in each by 
the bypothenuse and perpendicular is called the angle of the twist. 

General Principles. 

If a spiral surface be cut by a plane, either perpendicular to, or 
passing along the axis, the section will be a straight line perpendicular 
to the axis. 

If a cylinder be cut by a plane obliquely to its axis, one straight 
line on the cutting plane will be perpendicular to, or make a right 
angle with, the axis, and this line is the semi -axis minor of the ellipse, 
which is the section of the curved surface. 
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If a spiral surface be cut by a plane parallel to the axis of the cyliii- 
linder, the section will be a curve, excepting in the case in which the 
straight line drawn in the cutting plane perpendicular to the axis meets 
the spiral surface. 

If a spiral surface be cut by a plane obliquely to the axis of the cy- 
linder, the section will be a curve of contrary flexure, and if the spiral 
surface be cut by another plane passing along the axis perpendicular 
to the first plane, the section which is a straight line will intersect tin 
curve of contrary flexure in the point of retrogression. 

Phob. XVI. — To find the projections of one or more revolutions of 

two spiral lines which comprise a spiral surface between them/wi a 

plane parallel to the axis of the cylindric surfaces. 

Let AEIJ,KOST(V\g.l), be circles of which their centre is V, 

anil their diameters respectively equal to the diameters of the greater 

and less cylindric surfaces. Divide the circumference of the greater 

circle into as many equal parts, A B, B C, C D, &c , as the number of 

?oints to be found in the projection of each spiral in one revolution. 
rom the points A, B, C, &c, of division, draw lines tending to the 
centre V, meeting the circumference of the less circle in A', L, M, Ac, 
which will also divide its circumference into the same number of 
equal parts as the greater circumference. In the same straight line, 
with the centre V, draw fV X to represent the axis. In W X make 
W Y equal to the length which the axis will have in half a revolution, 
and draw a k in a straight line with W, perpendicular to W X. Divide 
W Fat the point 1, 2, 3, &c, into eight equal parts, the number of 
points to be found in half a revolution ; and through the points 1, 2, 3, 
ttc.,draw thelines hi, cm, d»,&c., parallel to a A. DraxrAa,Bb, C e, 
&c, parallel to W X, and from the point a draw a curve through 
/j, c, d, &c, which will be the projection of the exterior cylindric spiral. 
Draw K k, LI, Mm, &c, also parallel to W X, and from the point*, 
draw another curve through the the points /, m, n, &c , which will be 
the projection of the spiral of the interior cylindric surface. 

In Fig. 2, draw the straight line PR, and draw P perpendicular 
to P It- Make P O equal to the length of four parts along the 
make P R equal to the arc A B C D E of a quarter of the cirt 
rence of the exterior cylinder, and draw OR. In P R maki 
equal to the arc K L M N O of a quarter of the circumference of thi 
interior cylindric surface, and draw Q ; then the angle Q R '- 
the angle of the twist. 

The curve e a g (Fig. S), drawn as shown from the adjacent qua- 
drant A B CDE\s the same as the curve u i kg fo (No. 2) found 
by projection, and the curve O k Q drawn as shown from the adja- 
cent quadrant K L M N O is the same as the inner curve u s r g p c. 
Each of the curves thus drawn by means of a quadrants! arc is called 
the figure of the sines or a sinical curve, therefore the projection of a 
spiral line is either a sinical curve or formed by two or more sinical 
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Observations. 

The construction of the spiral surface, now explained, will be truly 
exemplified in a spiral stair ; supposing the plan to consist of 16 steps 
in the whole circumference. The length of the axis corresponding to 
this number will be 16 times the height of one step. A curve line 
drawn upon the cylindi'ic surface of the wall through the points of in- 
tersection of the lines in which the Bides forming the interior angles of 
the sieps meet each other, will form the spiral line upon the con- 
cave cylindric surface of the wall of the Btair, and if another concen- 
tric cylindric surface of which the radius is equal to that of the inner 
circle of the plan be supposed to exist, a curve line drawn upon the 
convex surface through the points of intersection of the lines in which 
every two sides forming the interior angles of the steps meet each 
other will form the other spiral line next to the well-hole. 

In this manner the spiral pump, the invention of which is attri- 
buted to ArchimedeSj may be constructed. 

Pros. XVII.— Given the angle of revolution of a spiral surface, the 
radius, and the length of each spiral, to find the projection of the spiral 
surface, and to find the angle of the twist- 
Draw the straight line V A (Fig. 1). Make V A equal to the ra- 
dius of the outer spiral, and V K equal to that of the inner spiral. 
Yrom the centre V, with the radius V A, describe the circle A B I, 
ind make the angle AVI equal to the angle of revolution. From 
the centre V, with the distance V A", describe the are A' S, meet- 
ing VI in S. Divide the arc A E/into any convenient number of 
equal parts, as here into eight. In this example the number of parts 
are even. Through the middle E draw V E, and draw P Q perpen- 
dicular to V £. Let the points of division in the arc A E I be B, C, 
D, &c. Draw the straight lines B L, C M, D N, &c, radiating to 
the centre V, meeting the inner arc K O S in the points L, M, N, 
Ac, Prolong V E to Z, and make E Z equal to the length of the 
spiral. Divide E Z into as many equal parts as the arc A E I, viz., 
eight, and through the points 1, 2, 3, &c, draw the straight lines 
/ b, m c, n d, &c, parallel to P Q. Draw A a, B b, C c, &c , per- 
pendicular to P Q, so that A a may meet P Q in a. Also perpendi- 
cular to PQ draw K k,L I, Mm,&c, so that K k may meet P Q in 
k. From the point a, through the points b, c, d, &c, draw the curve 
line a b c d efg h i, and from the point A, through the points J, m, n, 
Ac, draw the curve line k I m e pqr s, and these curves are the pro- 
jections of the two spirals which comprise the spiral surface. 

In figure 2 draw V X, and U ¥ perpendicular to U X. Make 
U ¥ equal to four parts of E Z. Make U X equal to the length of 
the arc A E, and in U X make V W equal to the length of the arc 
KO. Draw VXaad Y W; then W Y X is the angle of the twist. 
If a straight line were a tangent to the curve a e i, at the point e 
(fig, 1) and another straight line a tangent to the curve k e s at the 
same point e ; the opposite angles made by these two straight lines 
would be equal to the angle of the twist. 
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Pnou. XVIII. — To find the sections of a spiral surface cut by two 
planes which are parallel to each other, and parallel to the axis of 
the cylinder, and at a given distance from the axis, and to find the 
angle of the twist made by the curves, which are the sections of the 
spiral surface. 

Let the arcs k o r and A' E T be each respectively a section of the 
interior and exterior cylinilric surface by a plane perpendicular to the 
axis. Draw the radiating lines Tr, A' fc, towards the centre s. Lei 
the parallel lines A U and K T be the sectional lines, A U being a 
tangent at E, the middle of the arc A' T, and A" Ta tangent at o, 
the middle of the arc k r. Divide the arc K E T into any number of 
equal parts at the points I, 2, S, &c, as into eight. Prolong k K to 
A, and r T to U, and through the points, I, 2, S, &c, in the are 
A' E T, draw radiating lines, meeting the arc k o r in the points 
1, m, n, &c, and the straight line A U in the points B, C, D, Sec, 
also intersecting the straight line K T in L, M, N, Ac. In E e make 
E «, « £, 8 y, Sec, equal to each other, and each equal to the length 
of the axis which the spiral advances upon the surface from one me- 
ridian to the next, the meridians being straight lines on the surface 
of the cylinder parallel to the axis at distances from each other equal 
to the arcs K 1, 1-2, 2-3, Sec, of the arc K E T. Parallel to A U 

draw a. b, fi c, y d, Sec, and parallel to E e draw B h, C c, D d, Sec 

From A, through the points b, c rf. Sec., draw the curve A b c...e...i. 
Parallel to E e draw L I, M m, N n, Sec, meeting a b,0c, v d, Sec. in the 
points I, in, n, Sec ; also parallel to E e draw K k, meeting A U in k. 
and from ft, through the points /, m, n, Sec., draw the curve klm...c...i; 
then the curves A. b c.,e...i, and kl m...e...s, are the sections of the 
spiral surface. 

In Fig. 2, draw the straight line V X. Make V X equal to the 
length of the four arcs K 1, 1-2,2-3, Sec-, that is equal to the length 
of the arc K E or E T. and dra.w V Y perpendicular to V X. Make 
V Y equal to E e (Fig. 1), and join X Y. In V X make V W equal 
to the four arcs k 1, 1 m, m n, &c. ; that is equal to the length of the 
arc k o, or o r, and join Y W; then the angle W Y X is the angle of 
the twist. 

If a straight Hues be drawn through the point e ("Fig. 1) respectively 
parallel to Y X, Y W (Fig. 2), they shall be tangents to the two 
curves at the point e. Therefore each of the opposite angles mi 
by the two tangents, shall he equal to the angle of the twist. 

Observation. 

A stair is said to be right handed when the steps begin to ascend 
upon the right hand of the newel or well-hole. With regard to spi- 
rals, a common cork-screw is a right-hand spiral. In a right-hand 
stair, the spirals formed upon the cylindric surface of the wall, and 
upon the cylindric surface of the well-hole, are right-hand spirals. 
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SECTION IV. 

oh the trihedral. 

Definitions. 

Def. 1. The solid angle made by three plane angles is called a 
Ihedral. Thus ihe three faces of a triangular pyramid is a trihedral. 
Def. 2. The angle made by two plane faces of a solid is called a 
iltedral angle. The measure of a dihedral angle is the angle con- 
Ined by the straight lines, one drawn upon each face perpendicular 
i the line in which the two faces meet from the same point. 
Def. 3. If two of the faces of a trihedral be perpendicular to each 
other, the trihedral is called a right trihedral. 

Def. 4. The angle made by the edges of any face is called the angle 
oft/iatface. 

Def. 5, The two faces which are perpendicular to each other, are 
illed the right faces-, and the remaining face is called the oblique face. 
Def. 6. The edge between the two right faces is called the right 
ae, and the other iwo edges are called tkeoblique edges. 
If a trihedral be cut by a plane perpendicular to one of its oblique 
Iges, the section shall be a right angled triangle, and each of the 
-ee sectional lines shall be perpendicular to one of the two lines 
licli contain the angle of the face cut by that sectional line, viz. 
of the sectional lines shall be perpendicular to the edge to which 
cutting plane was perpendicular, and the remaining sectional line 
[pon the opposite face perpendicular to the right edge. 

Hence the three triangles made by the sectional triangle, and the 
sectional triangle itself shall be all right angled triangles, 

Def. 7. The oblique edge to which the cutting plane is perpendi- 
cular, is called the adjacent edge. 

Def. 8. The right race which has the adjacent edge for one of the 
lines containing the angle of that lace is called the adjacent face, 

Def. 9. The face opposite the adjacent edge is called the opposite 
face. 

The trihedral consists of five parts, viz., the angles of the three 
:es and the two acute dihedral angles. Any two of the five parts 
ig given, ihe three remaining parts may be found; the cases be- 
similar to those of a right angled triangle. 

GENERAL PRINCIPLES. 

In every case it is necessary to make one of the right faces the ad- 
jacent face. When a dihedral angle is a given, or required part, the 
right face adjacent to the dihedral angle must be the adjacent face, 
and the other opposite to this angle the opposite face. 

The sectional line upon the adjacent face must always be perpen- 
dicular to the adjacent edge, and the sectional line upon the opposite 
face perpend icunr to the right edge; moreover, the sectional line 
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upon the oblique face, must, as welles the sectional line upon the right 
fact-, be perpendicular to the adjacent edge. 

If any two parts of a right trihedral be given, the like parts of the 
■ectional triangle may be found, and if the like parts of the sectional 
triangle be given, the remaining parts of the trihedral may be found. 

When the angles of two faces of a trihedral are joined together so 
at to make one angle equal to their sum, these angles must either be 
the angles of the two right faces or the angles of the oblique and ad- 
jacent faces, or the angles of the oblique and opposite faces. In any 
of the three cases, the radius must always be made upon the connect- 
ing line. 

It would occupy too much space to explain the properties of all 
the cases of the trihedral, which are six in number; we shall, there- 
fore, only give the propositions in which the two right faces a 
concerned being absolutely necessary. 

Phopobition 1. 
The angle of the oblinue face is equal to the acute angl 
right-angled triangle, contained by the two lines of which one i 
to the cosine of the angle of the adjacent face, and the other equi 
to the secant, of the angle of the opposite face. 

Proposition 2. 
The two sides of the sectional triangle, which contain the ric 
angle, shall be respectively equal to the sine of the angle of the ad 
cent face, and the tangent of the angle of the opposite face, and t 
dihedral angle of the trihedral shall be equal to the angle of the sec- 
tional triangle contained by the hypothenuse, and the side equal to 
the sine of the angle of the adjacent face. 

An angle is generally known to the mason by the name of a bevel, 
and is transferred from one place to another by means of an instru- 
ment of the same name, which is 60 well understood by workmen a 
not to require description. Bevels are, however, of two kinds, one of 
which is drawn upon a surface, and the other is the angle made by two 
surfaces, which we have here called a dihedral angle. It must be ob- 
served, that in taking this angle, when the two legs of the level a 
sufficiently extended, the inner angle, in which the inner edges meet, 
must rest upon the arris of the stone with one of the inner edges upon 
the one surface, and the other upon the other surface, while each edge 
of the bevel is perpendicular to the arris of the stone. The same 
is to be observed in working one surface, the other being already 
wrought. 

A dihedral angle may be either greater or less than a right angle, 
but if the acute angle be given, the obtuse angle will he found by de- 
duction or subtraction as it is the complement of two right angles. 




Phob. XIX — Given the angles of the two right faces of the trihe- 
dral to find the angle of ihe oblique face. 

Let FA K, FA J, be the angles of Ihe 
two right faces, /-' A K being the angle of 
the adjacent face, and therefore F A J the 
angle of the opposite face. 

From any convenient point G, in the 
right edge, A F, draw G I intersecting 
the adjacent edge A K perpendicularly 
in H, and draw G E perpendicular XaA F, 
meeting A J in E. From ihe point A, 
with the distance A E, cut // / in I, and 
through / draw A L ; then the angle j£r 
KAL,arHA I, is the angle of the ob- 
lique face. 

For by making A G radius, G H being 
perpendicular to A H, A H is the cosine 
of the angle G A H of the adjacent face, 
and G E being perpendicular to A G, A E 
is the secant of the angle G A E of the 
opposite face; but A I is equal to A E; therefore the angle H A I 
of the right-angled triangle A H I being contained by the sides 
A II, A I respectively equal to the cosine of the angle of the ad- 
jacent face, and the secant of the angle of the opposite face, is equal 
to the angle of the oblique face, 

Illustratioh. 
Suppose the plane of the triangle A G E to be raised perpendicu- 
lar to the plane of the triangle F A K, and the triangle HA I to be 
turned upon A H as a hinge, until the point I fall upnn E, and the 
straight line A I, or A X, upon A E, or A J, and the three plane 
angles thus united will form the trihedral solid angle, and the ends of 
the three faces will be a right-angled triangle, and is what is here 
called the sectional triangle. — See the demonstration, Prob. XXI, 

Remark. 
Let F A A"be the angle which the upper edge of the hip rafter of 
a roof makes with its base in a vertical plane, A A' being the hip line, 
and A F the base or plan, and let F A J be the angle which the base 
of the hip line makes with the edge of the wall-plate in a horizontal 
plane; then K A L is the angle which the hip line makes with the 
wall -pi ate. 

The method of finding the angle of any face having the angles of 
the other two faces given ; or of rinding a third part, two parts being 
given, will be found in my Book of Dialling, pages 3, 4, 5, 6, in which 
the equations are investigated- 
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m& FAKorGAHmtbc i lj i I ace, mi G £ ta« 
idicular t* J C,CE»ifawgwirfik^fc G JE.xibe 
Opposite (ace ; but G 0»t^» G 0; therefore 17 T ii i niid H) 
the sine of the angle of the adjace*. t £ace ; bctcciktw) sades C O, 
G £ which contain the right angle rf the sectional nisaaji G OS 
are reipectireiy eqaal to the sine of the an gl e of the hi>iimi tace 
and the unseat of the angle of the oppaaii e bee, and the "11 *■! 
angle equal lo the angle GO £ contained by the hrpothew * and 
the side O G equal to the sine of the angle of the adjacent wee 

OE THUS. 

For let the plane containing the angle G A H, or F A K, be 
upon the straight line A F, as a hinge, until it beco 
lo the plane containing the angle FAJ.tx G A E, and let the . 
containing the triangle O G E be made to rerohe apoo the fine'G E 
until the side G U fall upon G ff ,- and because G O is eq>ial to G H, 
the point O will coincide with the point B ; therefore the ihasghl 
line E will coincide with a straight line drawn from H to £ ; and 
because the point H is on one edge of the oblique face, and the paint 
£ on the other edge, the straight Line O E will be on the oblique thee 
perpendicular to the adjacent edge A K, and because O E and H G 
are drawn, one in the plane of the oblique face, and the other in the 
plnnc of the right face, each perpendicular to A K, the line of com- 
mon section of these two planes, the angle G E is the dihedral an- 
gle required. 

Remark. 

Let F A K be the angle which the upper edge of the hip rafter of 
the root' makes with its base in a vertical plane, A K being the hip 
line and A F its base or plan, and let F A J be the angle which the 
base of the hip line makes with the edge of the wall-plate in a ho- 
rizontal plnne ; then GO£ or FOE is the dihedral angle of the back. 



INTRODUCTION. 



i. XXI. — Given the angles of the two right faces to find the an- 

^gle of the oblique face, and the dihedral angle adjacent to either 
of the right faces in one operation. 



Let F A K be the angle of the adja- 
:ent face, and therefore F A J the angle 
of the opposite face. 

From any convenient point G in the 
right edge A F, draw G /, intersecting 
the adjacent edge A K perpendicularly in 
H, and draw G F, perpendicular to A F, 
meeting A Jin E. From the point A 
with the distance A E, cut 3 Jin I, 
through I draw A i; then the angle KAL 
or H A I is the angle of the oblique face. 

In A F make G O equal G H ; join 
O E and the angle G E is the dihedral 
angle required. 







Demonstration. 
For A I is equal to A E, and G O equal to G H; 

Let A I=A E=a, G E=b, and G 0=G H=c. 
Then by Euclid, Book J, 'Proposition 47 : — 
A G*=A £2_ G - B B =a a_fiB 
A ^2_.^ea_G^2_ a 2_ja_ c 3 
U 1*=A /*— AHe=a2— ( a a_ fia _ C fl) = 62 +C a 

Therefore H I is equal to O E. 
Suppose the plane containing the angle C A H, or F A K, to be 
revolved upon the straight line A F until it becomes perpendicular 
to the plane containing the angle F A J, or G A E, and let the 
plane containing the angle O G E be revolved upon the straight line 
G E until the edge G fall upon G H ; and because G is equal 
to G H, the point O will coincide with the point H, and the straight 
line O £ will, by hypothesis.be perpendicular to A A" at thepoint H; 
moreover, let the plane containing the angle K A L, or B A I, re- 
volve upon A' A until the edge A I, or A L, fall upon the plane con- 
taining the angle F A J, or G A E, and because H Us perpendicular 
to A K, and O E is, by hypothesis, also perpendicular to A K 
from the point //, the straight line H I will fall upon O E\ and be- 
cause H / is equal to O E, the point / will fall upon E, and the 
straight line A I upon A E. 
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Pjtoa. XXII — Given a dihedral angle or the trihedral and the « 
of the adjacent face to find the angle of the opposite face. 

Let F A Kbe the angle of Che adjacent face. 
A AT being the adjacent edge, and consequently 
A F the right edge. 

In A F take any convenient point G\ and draw 
Cy/intcrsecting-d K perpendicularly in H. In ^ 
A F make G O equal to G II and make the 
angle G O F. equal to the given dihedral angle. 
Draw G E perpendicular to A G, and through 
/; draw A J, and the angle F A J to the angle 
of the opposite face. 

For making A G radius, G II is the sine of the angle of the adja- 
jent face ; but G h equal to G H, and the angle GO £ of the 
right-angled triangle G F,'w equal to the dihedral angle of the tri- 
hedral, and having the side G O and an angle equal to the given 
dihedral angle of the trihedral, viz., a side and one of the acute angles, a 
right-angled triangle is easily constructed, as already (lone in con- 
structing the triangle O G F ; but A G being radius, G E is the 
tangent of the angle G A E; therefoie the two sides G, G E, 
which contain the right angle O G E, are respectively equal to G H, 
the tine of the angle G A II of the adjacent face, and to G Ethe tan- 
gent of the angle of the opposite liice ; therefore the right-angled 
triangle O G E is the sectional triangle. 

Pnon. XXIII Given a dihedral angle of the trihedral, and the angle 

of the adjacent face, to find the angle of the opposite face and the 

angle of the oblique face in one operation. 

Let F A K be the angle of the adjacent 
face, A K hiring the adjacent edge, and con- 
sequently A F the right edge. 

In A F take any convenient point G, and 
draw G I intersecting A K perpendicularly 
in //. In A F make G <) equal to G II, and 
make the angle G O E equal to the given 
dihedral angle. Draw G E perpendicular 
to A G, and through E draw A J, and the 
angle F A J is the angle of the opposite 
face. 

From A, with the distance A E, cut hi 1 
in /, and through I draw A L, and the angle 
K A Lis the angle of the oblique face. 
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Preliminary Calculations. 

TABLE OF THE LENGTHS OF CIRCULAR ARCS. 

In the execution of oblique arches it is necessary to find the de- 
velopment of the intrudes ; but before this development can be made 
it is necessary to find the length of the circular arc, which is a section 
of the cylindric centre perpendicular to the axis. There are no rules 
by which the length of a circular arc can be lound with sufficient ex- 
actness. The following table which I computed early in the year 
1827, contains a series of circular arcs in all proportions ; that is to 
aay, if an arc of a circle is required to be executed which shall have 
a given chord or span, and a given height not exceeding half the 
chord, an arc will be found in tables which shall have the same pro- 
portion ; then, because the corresponding lines of similar figures are 
proportional, it will be, as the chord of the tabular arc is to the chord 
of the required arc, so is the length of the curve of the tabular arc to 
the length of the curve of the requited arc ; but as the tabular arcs 
have their chords equal to unity, it will be, as the chord of the given 
arc is to its height, so is unity the length of the chord of the tabular 
arc, to the height of the tabular arc ; then as unity the chord of the 
tabular arc, is to the length of the tabular arc so is the given chord 
to the length of the corresponding arc, and thus we have only to multi- 
ply the length of the tabular arc by the given chord, and the product is 
'ie length of the arc required. By attending to the following Prob- 
m the greatest exactness will be attained in finding the length of 
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Prob. XXIV.— To find the length of the arc of a circle, the chord 

and height of the arc being given, but the height not to exceed 

half the chord. 

Divide the height of the arc by the chord to three places of deci- 
mals : look hi the table under " height of arc" for the number which is 
equal to the quotient : from the next column under " length of arc" 
take out the opposite number, which will be the length of a similar 
arc to that which is to be found, having unity for its chord: multiply 
the tabular length of the arc by the given chord, and the product is 
the length of tlie arc lo that chord nearly. 

But if after having divided the given height of the required arc by 
its chord, the quotient does not terminate in the third place of deci- 
mals, continue, if necessary, to find three more places of decimals ; 
look in the table under "height of arc" for anumber equal to the 
three first quotient figures ; in the column on the right take out the 
opposite numbers corresponding to the first three figures and to the 
next greater ; multiply the difference by the three remaining figures 
considered as a decimal ; to the first three add the product to the 
length of the arc corresponding to the three first figures ; multiply 
the sum by the given chord, and the product is the length of the arc 
required. 

Example I. 
Required the length of an arc of which the chord is 22 feet and 
the height 5 feet 6 inches? 

22f'.xl2=264 inches, and (5ft. 6in.)xl2=66 inches 
66-^264— -250 exactly. 
The tabular length of the arc answering to the height -250 is 1-15912. 
and 82xM5912=25-50064 the length of the arc. 

Example 2. 
Required the length of an arc of which the chord is 38ft. 9in. and 
the height 6 feet. 

Here 38ft. 9in.=465 inches, and 6ft.=72 inches, 
and 72-^-465 =-154] 838. 

The tabular length of the arc answering to 155 is 1-06288 
and the tabular length of the arc answering to 154 is 1-06209 
Their difference is -00079 

■00079x-838=-0006G retaining only five places of decimals, 
and 1-06209 +-00006=1 '06275, 
and 465x1-06275-4-12=41-18156 feet, the answer. 
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Required the length of an arc of which the chord is 22f. 10' and 
the height 8 feet? 

22f 10'=274 inches, and 8f — 96 inches, 
and 96-*-274=-350|S64. 

The tabular length of the arc answering to the height 351 is 1-30156 

and the tabular length of the arc answering to the height 350 is 1-29997 

Their difference is -00159 

■00 159x '364 =-00058 retaining five places of decimals, 

and l-29997 + -00058=l-30055, 

and lastly 274x1*30055-^12=29-69589 feet. 

Examples foii Practice. 

1. Required the length of an arc of which the chord is 23 feet and 
the height 6 feet ? Ans. 26-96934 feet. 

2. Required the length of an arc of which the chord is 48 feet 9 
inches and the height 14 feet 6 inches ? Ans. 59-53496 feet. 

3. Required the length of an arc of which the chord is 17371 feet 
and the height 6 feet? Ans. 22'45815/eei. 

4. Required the length of an arc of which the chord is 15-2708 
and the height 4Jt feet? Am. 18-14155/«(. 

5. Required the length of an arc of which the chord is 19 feet and 
the height 6 feet' Ans. 23-68426/eef. 

6. Required the length of an arc of which the chord is 45-96 feet 
and the height 14 feet 6 inches ? Ans. 57-3204 feet. 

7. Required the length of an arc of which the chord is 19 feet and 
the height 7 feet 1 inch ? Ans, 25 -4026 2 /erf. 

8. Required the length of an arc of which the chord is 19 feet and 
the height of the arc 6-8776. Ans. 250646l/«tf. 




Proa. XXV.— Given the chord and height of 
radius of the circle. 
Let A B C be the arc, A C the chord, and 
E the centre. Draw the radius E B, bisect- 
ing the chord A C perpendicularly in D, and , 
join C E. * 

Let (i=D CorD A=he\i the chord, and a 
=D B the height of the arc ; and let x=E C 
=JS B, the radius of the circle ; then will D E 

Then by Euclid, Book L, Proposition 47;— 

e c j =e n' + cfi* 1 

That is x*=(x— a) a + A= 

Or aJ s = £ 2 — 2ax + a*-\.h a 

Whence x= -£— = i(- +a) 

Rule in Words. 
Divide the square of the half chord by the height of the arc ; add 
the height of the arc to the quotient, and half the sum is the radius 
of the circle, 

Example. 
Given the chord 22 feet, and the height of the arc 5 feet G inches, 
to find the radius of the circle. 

Here 22-^2=1 1 feet, the half chord, and 5ft. 6in.=5-5feet. 

ll a =12l, which, divided by 5'5 feet gives 22 for the quo- 
tient, 22+5-5=27-5and27 5+2— 13-75=13feet 9inches, the radius. 



ExAMPLJ 

1. Required the radius of a 



i Practice. 

re of which the chord is 38 feet 9 
inches and the height 6 feet ? Ans. 31-2825 feet. 

'£. Required the radius of an arc of which the chord is 22 feet 10 
inches and the height 8 feet ? Am. 121462 feet. 

3. Required the radius of an arc of which the chord is 23 feet and 
the height 6 feet? Ant. 1 4-02 083 feet. 

4. Required the radius of an arc of which the chord is 48 feet 9 
inches and the height 14 feet 6 inches ? Am. 27-7376 feet. 

5. Required the radius of an arc of which the chord is 17-374 feet. 
and the height 6 feet? Ans. 9-2886 feet. 

6. Required the radius of an arc of which the chord is 15-2708 
feet and the height 4£ feet ? Am. 9 0792/ce*. 

7. Required the radius of an arc of which the chord is 19 feet and 
the height 6 feet ? Am. 10-52008 feet. 

8. Required the radius of an arc of which the chord is 45-96 feet 
inches and the height 14 feet 6 inches? Am. 254596 feet. 
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Prob. XXVI.— Given the rodius of a circle, to find tlie height of a 
arc of that circle, the chord of the arc being given. 
Draw the straight line A C equal to the given n 

chord. From the points A and C with the 
length of the given radius describe arcs inter- A 
secting each other in /-', and draw the radius 
E B bisecting A C perpendicularly in D, then 
D Bis the height of the arc. 

By Calculation. 
Join £".4 and \e\ E A=E B=r, A D=C D=k, and 
then will D E =r~x. 
By Euclid, Book 1.. Proposition XLVII. 
A D*+D E*=EA*, 
Or P+fr-tPsr*, 
Or fr— iVcf 8 — *», 

Hence, r— *=•(»•«— A»), 

By changing the signs, 

*— r=— </{r*— A»), 
therefore. x—r— */(r g — A B ). 

Arithmetical Rule. 
From the radius subtract the square root of the difference o 
square of the radius and that of the half chord, and the remaindi 
the height of the arc. 



Ejca 



. 1. 



Given, the radius of a circle equal to 36 feet, and the chord of i 
arc of that circle equal to 4 feet, to find the height of the arc. 
Here,36 u :=1296 the square of the radius, 
And 2 9 = 4 the square of the half chord, 

1292 the difference of those squares. 
v '(1292)=35-9+4ithe square root or the difference, 
36— 35-9141=00550 the height of the arc. 

EXAUl'LE 2. 

Given the radius of a circle equal to 726 feet, and the chord of a: 
arc of that circle equal to 4 feet, to find the height of the arc. 
Here 726 a =527076 the square of the radius, 
And 2 B = 4 the square of the half chord, 

527072 the difference of their squares, 
V (527072) =725-9972 the square root of t 
difference. 

720— 725-9972=0-0028 the height of the arc. 
Example so& Practice. 
Required the height of an arc of a circle of which the radiii 
10 feet, to a chord of 19 feet ? Ans. 6-fi 



Let the parallelogram A G Q H be the plan of an oblique arch. 
Two of the opposite sides AH, G Q are the lengths of the faces upon 
which the arch-way terminates, and the other two A G, H Q are the 
lengths of the springers or abutments. The acute angle A H Q or 
AG Q is that which is culled the angle of obliquity. If a straight 
line be drawn from the vertex A of one of the obtuse angles to meet 
the opposite springing line H Q or H Q prolonged perpendicularly in 
C, the liDe A C is the width of the arch-way. and the line C H is 
called the distance of obliquity ; for the less C //, the angle A H Q will 
be nearer to a right angle, and when C H is nothing, the angle AH Q 
will be aright angle, and consequently A H will coincide with A C. 
A straight line H R drawn to meet the opposite side G Q prolonged 
perpendicularly in R is the distance between the two faces, or the 
distance between the front and rear elevations of the arch. 
Pros. XXVII. — Given the width of the arch-way, the angle of ob- 
liquity and the distance between the two faces, to draw the plan of 
the arch. 

Draw the straight line A C and make A C equal to the width of 
the arch-way. Make the angle CA //equal to the complement of the 
angle of obliquity; thus if the angle .-1 H V be 50° make C A fl equal 
to 40°. Draw CH perpendicular to A C and H R perpendicular to 
AH. Make HR equal to the distance between the two faces of the 
arch, and draw R G parallel to A H intersecting H C prolonged 
to Q. Draw A G parallel to // Q, and the parallelogram AG Q H 
is the plan of the aperture, AG, HQ being the two springing lines, 
A H t G Q the lengths of the faces. 

Prob. XXVIII.— Given the length of one of the faces, the angle of ob- 
liquity, and the distance between the two laces to draw the plan of 
the arch- way. 

Draw the straight line A H and make A H equal to the length 
:he given face. Make the angle A H Q or A H C equal to 
angle of obliquity. Upon A H as a diameter, describe the 
semicircle AC H intersecting (I Q or H Q prolonged in C, and 
join A C, C H. Draw H R perpendicular to A H, and make H R 
equal to the distance between the two-facts. Draw G R p.irallel to 
A a, and A G parallel to H <?,and AG Q It, is the plan or the 
aperture of the arch. 

Prob. XXIX. — Given the width of the arch-way, the distance of ob- 
liquity, and the distance between die two faces, to draw the plan 
of the arch. 

Draw the straight line A Cand make A C equal to the width of the 
ch-way. Draw C H perpendicular to A C; make CH equal to 
ie distance of obliquity and join A H. Draw // i( perpendicular to 

A H, and make // R equal to the distance between the two faces 

Through R draw G /? parallel to A // intersecting // (,', or // Cpro. 

longed in Q. Draw A G parallel to 11 Q, and A G V // is the plan. 
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PitoB. XXX. — Given the width of the arch-way the length of one of 
the faces, anil the distance between the two faces, to draw the plan 
of tli e arch. 

Draw the straight line A ff t and make A H equal to the length of 
the given face. Upon A H as a diameter describe the semicircle 
A C H. From the point A with the width of the arch- way, cut the 
arc in C, and join A C, C II. Draw H R perpendicular to A B t and 
H R equal to the distance between the two faces. Draw G R pa- 
rallel to ^.Hintersecting H C, or H Cprolonged in Q. Draw A G 
parallel to H Q, and A G Q H is the plan. 

1. There is an oblique arch, of which the angle of obliquity is 7G" 

42', the width of the arch-way 38-75 feet, the distance between the 
faces 26 feet, the length of one of the faces 39-82 feet ; to draw the 
plan of this arch, when its width, its angle of obliquity, and the dis- 
tance between its faces are given, and when its angle of obliquity, the 
length of one of its faces, and the distance between them aregiven, and 
when the width of its arch-way, the distance of its obliquity, and the 
distance between its faces are given, 

2. There is an oblique arch of which the angle of obliquity is 50°, 
the length of one of the faces 60 feet, the width of the arch-way 45-96 
feet, and the distance between the two faces, 28-75 feet ; to draw the 
plan of this arch when its angle of obliquity, the length of one of its 
faces, and the distance between them are given, and when the width 

' its arch-way, the length of one of its faces and the distance between 



them 



e giyei 



3. There is an oblique arch of which the angle of obliquity is 26° 
54', the length of one of the faces 42 feet, the width of the arch-way 
]9 feet, and the distance between the two faces 14 feet; to draw the 
plan of this arch when its angle of obliquity, the length of one of its 
laces and the distance between them are given, and when the width 



eofitsfac 



ind the distance betwet 



himself in dra 
le, say one quarte 
n the plate, are drawn t 



of its arch-way, the length of o 
them are given. 

It will give great facility to the student t 
ing the plans of oblique arches to the dim 
second, and third of these examples to a h 
inch to the foot, or 2£ inches to ten feet. 

Figures 1. 2, 3, in order to be contained i 
scale of which every half inch contains 10 feet ; figure 1 is drawn a 
cording to ihe first of these proportions, figure 2 to the second, aj 
figure 3 to the third. 

Figure I, plan of Hie oblique arch at Gateshead, upon the Brand- 
ling Junction Railway. 

Figure 2, plan of one of the oblique arches of the bridge ovi 
river Tees, at Croft.on the Great North of England Railway. 

Figure 3, plan of the oblique arch over the river Gaunlest 
Hugger Leases Lane. 




SECTION VI. 

f THE MENSURATION OF THE SIDES AMD ANGLES OF A RIGHT- 
ANGLED TRIANGLE, TWO PARTS BEING GIWCN. 

This may be divided into three cases. First, when the two sides 
iregiven, to find the third; when the two sides are given, to find 
the angles; and thirdly, when aside and an angle are given to find 
the remaining sides. 

Pjtoa. XXXI. — Given any two sides of a right-angled triangle 
ABC, to find the remaining side. 
By Euclid, Prop. XLVII., Book 1, we have 

A C=A B a +B C 
Or A B*+BC 3 =A C* ; 
Therefore, B C*=A C—A B* 
And, A B*=A C*—B C 3 ; 

Hence, B C=*/(A C 3 ~A B*) 

And, AB= V(AC a — B C 3 ) a|/ 

Example. 

1 feet, to 
> 3 ) = v/( 140S)=37-4S66. 

Each of the three straight lines which comprise the surface of a 
riangle is called aside of that triangle. In a right-angled triangle, 
he two sides which contain the right angle are called the legs? ot' 
rhioh the one is opposite to one of the acute angles, and the other 
same angle. 

On the method of finding a side of a right-angled triangle, a side 
md an angle being given, or to find the angles when two sides are 

rigonometrical table contains a series of numbers amongst 
ill be found three numbers in the same ratio as the sides of 
y proposed right-angled triangle, and if two acute angles, one in the 
tahular triangle and the other in ihe proposed triangle, be equal, the 
sides about the equal angles will be proportional, and reciprocally, if two 
sides of the proposed triangle he proportional to two sides of the tabu- 
lar triangle, the angles contained by these two sides ot' the proposed 
triangle shall be equal to the angle contained by 
the correspond) og sides of the tabular triangle. C-^- 



Let A C be equal to 4-2 feet, and B C be equal 

find A B. 
Here, A B=^(i2«— 



The three sides of the tahular triangle arc called 
the radius, sine, and cosine; the hypothenuse 
is called the radius, which, in the table of natu- 
ral sines is equal to I, or unity ; therefore each of 
the other two sides must be less than I. The 
leg of the tabular triangle, which is opposite to 
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an angle, is called the sine of that angle, and the leg of the tabular 
triangle which is adjacent to an angle, is called the cosine of that 
angle. The tabular triangle which is similar to a proposed triangle, 
will be recognised when an angle of the proposed triangle is given. 
For instance, let the angle of a triangle be 36°, then the two sides of 
the tabular triangle which contain that angle are the radius equal to 1, 
and the cosine equal to -80902; therefore, when one side of the pro- 
posed triangle is given, the other can be found ; and, moreover, the 
tabular triangle, which is similar to a proposed triangle, will be recog- 
nized when two sides of the proposed triangle are given : suppose 
the hypntheneuse and a leg opposite an angle to be given. In the tri- 
angle A B C, let the side B C be the leg opposite the angle A and 
A B the side adjacent to the angle A ; now then, writing rad=l for 
radius, fin. for sine, and cos. for cosine, 

AC:BC.:rad.: wbul=*L£, because rad.= J. 
A C 

A C: A B : : rod.: cos.A— A B . 
AC 

Therefore, the leg of a right-angled triangle which is opposite an 

angle divided by the hypothenuse gives the sine of that angle, and 

the leg of a right-angled triangle adjacent to an angle divided by the 

hypothenuse gives the cosine of that angle. Therefore, when two 

sides of a triangle arc given, the angles can be found. 

Prob. XXXII.— Given two sides of a right-angled triangle to find the 

angles by common arithmetic. 

To do this by a table of natural sines, the hypothenuse must be one 

of the given parts, therefore if the two legs are given, the hypothenuse 

must be found by Prob. XXV ; hence when any two of a right-angled 

triangle are given, the angles may be found. We shall therefore s 

pose the hypothenuse always to be one of the given parts. 

Hole, 

sides he ( lie leg opposite the angle, divide 

ise and the quotient will be the sine of the angle, 

be the leg adjacent to the angle, divide 

, and the quotient w ill be the cosine of the 



If one of the give 
side by the hypothi 
and if one of the given smes 
this side by the hypothenuse 
angle as has already been shi 

Ex. 

In the triangle ^ .EC are given the side B C equal to 17 '374 ft 
and the hypothenuse A C equal to 22*063 feet, to find the angle 
Here 1 7 -374 h- 22 083=- 7 86 88. 

By inspecting the table of natural sines, w 
find the two numbers 78676 and 78693 the * 
first less than the sine of 61° Stif and the se- 
cond greater than the sine of .'»1 ° 54' otid since 
in our calculations, a minute is of very little 
consequence; »c shnll not be far wrong in 
calling the quantity which the angle A con- 



: 







■ 
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Example 2. 
Given the side A B equal to 1363 feet, and the hypothenusc A C 
equal to 22-083 to find the angle A. 
Here 1363---22-083—6172], 
And In the tahleof cosinesG1721 will be found to answer to 51° 53 

Examples Fon Practice. 

In the right-angled triangle A S C, if the bypothenuse A C be the 
length of one of the laces of the arch and the angle A the angle of ob- 
liquity, the opposite leg H C is the width of the arch-way, and the ad- 
jacent leg A B the distance of obliquity. Fee the construction of the 
plan of an oblique arch, page xxxvand plate 10. 

Therefore when the width of the arch-way and the length of one of 
the faces are given, the quotient obtained by dividing the width of the 
arch-way by the length of the given face shall be the sine of the angle 
of obliquity. 

And tile quotient obtained by dividing the distance of obliquity by 
the length of the given face shall be the cosine of the angle of ob- 
liquity. 

1. Given the width of the arch equal to 17-374. feet, and the length 
of one of the faces equal to 22-083 feel to find the angle of obliquity. 

An*, 51" 53'. 

Given the distance of obliquity equal to 1363 feet, and the length 

of one of the laces equal to 22083 feet to find the angle of obliquity. 

Ans. 51° 53'. 

3. Given the width of the arch equal to 38 75 feet, and the length 
of one of tb(» faces equal to 39*82 feet, to find the angle of obliquity. 

Am. 76° 41'. 

4. Given the distance of obliquitv equal to 9 feet 2 inches, and the 
length of one of the laces equal to 39 82 feet, to find the angle of ob- 
liquity. Ans. 76° 41'- 

5. Given the width of the arch-way equal to 45-96 feet, and the 
length of one of the laces equal to 60 feet, to find the angle of obliquity 

Ans. 50°. 

6. Given the distance of obliquity equal to 38-57 feet, and the length 
of one of the laces equal to 60 feet, to find the angle of obliquity. 

Am. 50°. 

7. Given the width of the archway erqual to 19 feet, and the length 
of one of the faces equal to 42 feet, to find the angle of obliquity. 

Ans. 26° 54'. 
8- Given the distance of obliquity equal to 37-4556 feet, and the 
length of one of the faces equal to 42, to find the angle of obliquity, 

Ans. 26 u 54'. 
9. Given the width of the arch- way equal to 22 S3S feet, and the 
length of one of the faces equal to 27-003 feet, to find the angle of ob- 
liquity. Ann. 57° 44'. 



IHTBODUCTIOK. 



■ 

he 
of 



10. Given the distance of obliquity equal to 1**416 feet, and the 
length of one of the faces equal to 27003 feet, to find the angle of 
obliquity. Ans. 57° 44'. 

11. Given the width of the arch-way equal to 23 feet, and the length 
of one of the faces equal to 24.0416 feet to find the angle of obliquity. 

Ans. 73 a 4'. 

12. Given the distance of obliquity equal to 7-009 feet, and the 
length of one of the facesequal to 24-0416 feet, to find the angle of 
obliqity. Ans. 73° 4'. 

13. Given the width of the arch- way equal to 17 feet, and the length 
of one of the faces equal lo 19-781 feel, to find the angle of obliquity. 

Ans. 59 1 - 15'. 

14. Given the distance of obliquity 10-1138 feet, and the length 
of one of the faces equal to 19-781 feet, to find the angle of obliquity. 

Ans. 59° 15'. 
Pkob. XXXIII. — Given a side and an angle of a triangle, to find 
of the two remaining sides, 

Suppose the leg of the tabular triangle C 
which is called the sine to be parallel to the 
leg of the proposed triangle which is opposite 
the angle, and the hypothenuse of the tabular 
triangle to be upon the hypothenuse of the 
proposed triangle, and flic leg adjacent to the 
angle to fall upon the leg of the proposed 
triangle, then in the tabular triangle as the hypo- 
thenuse is called the radius, the leg opposite the angle the sine, and tl 
leg adjacent lo the angle the cosine, the radius, sine and cosine, will 
form a triangle similar to the bypo then use, the base, and the leg ad- 
jacent to the angle of the proposed triangle as in the diagram 
Example I. 

Given the angle A equal to 26° 54' and the side A C equal to 4 
feet, to find the side B C, 

Rad. : sin. A : x AC : BC; 

or 1 : -45243 : : 42 : B C=45243x42= 19-002 or 19 feet. 




Given the angle A 
to find the side B C. 

Cos. A : sin. A : : A B 

or -8918 : -45243 : : 3745 

feet nearly. 



Example 2. 
before and the side A B equal t 



BC; 
: BC=- 



452 43x37 45 5 _ 

"89 18. ~ 



Given the angle A 
find the side A B. 

Had. : cos. A : : AC : AB 
or 1 :-8918 : : 42 ■ A B= 



first, and the side A C equal to 42 feet t 
+42=37 4556 feet. 
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Given the angle A as at first, and the side B C equal lo 19 feet, to 
'" eside^B. 

A : cos.,4 : : B C : A B. 

:-8918 ; : 19 :£fl=- 918 * 19 =.-37454reet. 
•4524 

Example 5. 
Given the angle A and the side A B equal to 37455 feet, to find 
the side A C. 

Cos. A : rad. : : AB : A C- 



Given the angle A as at first, a 
find the side A C. 

Sin. A -.jaA: :BC : AC 



id the side B Cequal to 19 feet, to 



■45243 



I 



i :AC= 



19 



= 41'995, or 42 feet nearly. 



■45243 

Examples for Practice. 
In such of these examples where the distance between the faces and 
the angle of obliquity arc given to find the length of the springing 
lines, the angle A of the triangle ^IBCis equal to the angle of obli- 
quity, the leg B C, opposite to A, is the distance between the two 
faces, and the bypothenuse A C is the length of the springing lines 
or length of each abutment. See figures 1, 2, 3, plate 10. 
It will therefore be, 

sin. A : cos. A:: B C : A B the distance of obliquity, 
sin. A : 1 : : B C : A C the length of each face, 

1 : sin. A : : A C : B C the width of the archway, 
sin. A : 1 : : B C : A C the length of each abutment. 

1. Given the angle of obliquity equal to 51° 53* 
and the width ol'tbe arch-way equal to 17-34 C 
feet, to find the distance of obliquity. 

Ans. iS-GOfeet^ 

2. Given the angle of obliquity equal to 76" 4-2 
and the width of the archway equal to 38-75 
feet to find the distance of obliquity. 

Ans. »-16 feet. 

3. Given the angle of obliquity equal to 76°, 42' and the distance 
between the two faces equal to 26 feet, to find the lengths of the two 
springing lines or abutments. Ans. 26-71/cei. 

4. Given the angle of obliquity equal to 50", and the length of one 
of the faces equal to 60 feet, to find the width of the archway ? 

Ant. 45-962_/ee(. 
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5. Given the angle of obliquity equal to 50*, and the length of one 
of the faces equal to 60 feet, to find the distance of obliquity ? 

Am. 38-567,/aBt. 

6. Given the angle of obliquity equal to 50 s , and the distance bc- 
tween the two faces of the arch equal to 28-75 feet, to find the 
length of the abutments ? Ans. 37-53 feet. 

7. Given the angle of obliquity equal to 26° 51', and the length of 
one of the faces equal to 42 leet, to find the width of the archway ? 

Am. 19-002jfctf. 

8. Given the angle of obliquity equal to 26° 54', and the length of 
one of the faces equal to 42 feet, to find the distance of obliquity ? 

Am. 37i556 feet. 

9. Given the angle of obliquity equal to 26° 54', and the distance 
between the two faces of the arch equal to 14 feet, to find the length 
of the abutments. Ans, 30-944 feet. 

10. Given the angle of obliquity equal to 57° 44', and the length of 
one of the faces equal to 27-003 feet, to find the width of the arch- 
way ? Am. 22-833 feel. 

11. Given the angle of obliquity equal to 57° 44', and the length of 
one of the faces equal to 27*003 feet, to find the distance of obi iquity ? 

Am 14'416/eef. 

12. Given the angle of obliquity equal to 57° 41', and the distance 
between the two faces of the arch equal to 12-5 feet, tofind the length 
of the abutments '. Ans. 14-782 fett. 

13. Given the angle of obliquity equal to 73" 4', and the length of 
one of the faces equal to 24-0416 feet, to find the width of the arch- 
way ? Ans. 22-999 feet. 

14. Given the angle of obliquity equal to 73° 4', and the length of 
one of the faces equal to24'0416 feet, to find the distance of obliquity? 

J 4ws.7-002356_/crf. 

15. Given the angle of obliquity equal to 73° 4', and the distance 
between the two races equal to 12-1666 feet, to find the length of the 
abutments or springing lines ! Ans. 12-7191 feet. 

16. Given the angle of obliquity equal to 59" 15', and the length of 
one of the faces equal to 19-781 feet, to find the width of the arch- 
way? Am. 16-9999_/w(. 

17. Given the angle of obliquity equal to 59° 15', and the length of 
the oblique face equal to 19-781 feet, to find the distance of obliquity ? 

AntulQ-limji* 

18 Given the angle of obliquity equal to 59 s 15', and the lengtkof 

each abutment equal to 30 875 feet, to find the distance between the 

two- faces ? Aas. 26-534 ftet. 
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SECTION vn. 

ON THE USE OP THE OBLIQUE-ANGLED TKIARGLE, 
Phob. XXXIV— To find a point in the side of a triangle, in which 
a perpendicular drawn from the opposite angle meets that side. 
Let BC=a,A C=b, and A B=e; also let B D-x, and CJ5=y; 
then will A D=c—x- 

By Euclid, Book 1., Proposition XL VII. 

By equality, 
42_( c _ J .)fl =a e_«« 
Or, 6*_c« + 2ge— x't^aV—x* 
Or, b*— c"+2cx=a Q * 

2cx—c s =a Q — fi e 
Or, C (^~ C )=(«+5)(«- - r 
Hence, by converting the equation into a proportio 

c ! a+5 : : a—b t 2x~-e 
Now since x=B D one of the segments of the base, and c— ■ -x-zi 
I D the other segment : ifjrbe the greater segment, c — x\t the 
■ss ; and c — x subtracted from x\s x — (c — x)— 2x— c; the difference 
F the segments of the base ; therefore, it will be 

As the base or longest side of a triangle, 
Is to the sum of the other two sides ; 
So is the difference of these two sides 
To the difference of the segments of the base. 
By this rule the distance of the perpendicular upon the base from 
one of its ends will be easily found ; for, having found the difference 
of the bases of the two right-angled triangles ; add half the difference 
to half the longest side AB, of the triangle ABC, the Bum will be 
the length of B D, the greater segment, and subtract half the dif- 
ference from half the base A B, the difference will be the length A D 
of the less segment. 

•Since & H — c* + 2cx= 
toe *= «'+"-'' ,t 



i we get 



by transposition, 2ca:=a 2 +c 2 — fi 2 
in the right-angled triangle B D C, right- 



angled at D, making B Czza, radiu 
sine of the angle B ; 



; then B Dz=x shall be the co- 
(: :a:a:=acos. B. 
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Pfios. XXXV. — Having executed thepierg of an oblique arch to the 

height of the springers ; to draw the plan of the archway from t 1 -- 

intti' iiki.-v Llitjn taken, 

Example 1. 

Ofven tlie adjacent sides // Q, B A, (fig. 1,) of [he parallelogi 
H A Q Q, iiml the diagonal AQ respectively, equal to 32ft. 6 
SWf't. lin., iiml V5ft. Tirin.; to draw a plan of the oblique arch, and to 
find the width (if the aperture, // /Hieing the length of one of the 
fiicea, and // Q the length of one of the abutments. 

Draw the straight line // Q, and make H Q equal to 32ft. 6in. 
I roin //, with the distance 22ft. lin., describe an arc at A, and from 
Qitrftll the distance 25ft. 7-Jin., describe another arc, cutting the 
former ut A. .loin A II, A Q ; draw A G parallel to H Q, and Q G 
parallel to II A, and the parallelogram A H Q G is the plan of the 
n\» nun'. Draw A C perpendicular to H Q, meeting // Q in C, 
und A C ik tlii_- width of the archway. 

Example 2. 

Given A II (fig. 2,) equal to 19a 9Xin., and B Q equal to 30fb 
HUin., and the perpendicular A C, which isthe width of the arch,]equal 
to 17ft., to draw the plan, A H being the length of one of the faces, 
and // Q the length of one of the abutments, and the angle A II Q 
being the angle of obliquity. 

Draw the straight line A H, and make A H equal to 19ft. 9 Jin. 
Upon A II, us a diameter, describe the semicircle A C H. From 
A, with the distance of 17ft., cut the semicircular arc in C, and join 
A C, C II. Prolong H C to Q, and make B Q equal to 30ft. lOlin. 
Draw A G parallel to H Q, and Q G parallel to H A, and the paral- 
lelogram A B Q G is the plan. 

Example 3. 

In the parallelogram H A G Q, ("fig. 3,) which represents the plan 
of the aperture of an oblique arch, the abutment H Q measures 35ft. 
6in. ; the perpendicular distance between the abutments measures 
28ft„ and the distance of obliquity 9ft Sin ; to draw the plan of the 
arch. 

Draw the straight line A C, and make A C equal to 28ft. Draw 
C H perpendicular to A C, and make C H equal to 9ft. 8in. Pro- 
long // C to Q, and make H Q equal to 35ft. 6in. Join A B; draw 
A G parallel to // Q, and Q G parallel to A H, and BAG Q is the 
plan of the aperture or archway required. 
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Observations. 

The dimensions measured upon the side of the parallelogram which 
is to be one of the faces of the arch, and along one of the springing 
lines of one of the abutments and the perpendicular distance between 
the abutment edges as given in example 2 are the most 
convenient for construction and require very little calculation. A 
plan drawn from the measures taken as in example 3, is also easily 
constructed and requires no calculation ; but the distance of obliquity 
must be previously found by a perpendicular. The dimensions taken 
as in figure 1, are not only inconvenient with regard to the position of 
the plao but require considerable calculation as shown on the 
following 

Calculation of the parts of Ex. 1, from prop, xxxiv. 
The base H Q of the triangle H A Q, being.. .32ft- 6 in.=S2-5 

One of the other two sides, Q A, 25ft. 7Jin.=25-62 

And the third side H A 22ft. 1 in.=22-083 

The sum of these two sides is 47ft. 8| in. =47-708 

And their difference Sft. 64in.=3 542 

47-708X3 542 ,„,.,..,.,.„. 
32-5 : 47-708 : ; 3-542: g^ =5-2 which is the difference of 

the segments of the base, very nearly. 

Now half the base is the half of 32-5=16.25 

And half the diff. of the segments is the half of ...5-2= 2-6 

Hence the greater segment =18-85 

And the less =13-65 

And .4C=V(4.ff B —ffC a )=v'(22-0S3*--13-65 a )= 17-35 feet, 

Calculation for C H, Ex, 2. 
CH=</(A H 3 —A C a ) = v'(14968-515625) = 122 345in. 10-195 
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cylinder, h rrabw|»t,/,aJdmch/A»( 
Sca'wuUr. Mai* / C, / B, each e^Mi „ ^ c 
cylinder. Parallel lo t" I' um^G fa> Q JE, »j dt 
ir;tbeag^rsrflbe a pfaaw p^^ tknaagfc l 
cyKader. From tie poix Xm a can, with, the radsm 
describe the semicircle H B G. In die — aaiji jflj 
paraUrl to IT r, sad J D perpessdiaatar to D F Take i 
Z> .Fat pleasure, and saate tie angle DF J com! to the x- 
the spiral iine makes with a straight line on the startac* of |" 
or wrtb a line on the wrfct of tie crliader pnraBd n 
Draw G i parallel %oAF, meeting Qfl in 6.»d S r k. 
setting C V'mJ. Draw ./ A" perpendienhu- to G L. sod m 
equal to I Hot IG the radio* of the cylinder. Upon tie a 
major G /,, and with tie semi-axis minor y AT, deter 
clips* G#Zahich*h»U beasectionofthecTlInderp 
tie de*elopemeni of the spiral line, aad which statu 1 
radius of curvature at A' the extremity of the axis mn 
spiral has at the same point. Now, in the triangle A D F let / 
ska, ^ 0=6, and let the hrpotbentue A /"=» ; then A B = 
moreover let the radius of the cylinder be denoted by r, 
Then by simitar triangles, D A F, I G J. 
AD-.Afz.GIiGJ 

Ore : A : :r : G J= — which is the length of the semi-axis 

major ; but from the property of the ellipse 

K J : G J : :G J : to the radius of curvature at A'. 
_ r4 r*» r(o«+ofl) 



Or, 



6« 



.which is the radius of ci 



vature at K. 

Now the hypothenuse A F, of the triangle A D F, is the deve- 
lopemeut or length of a spiral line, the base A D—b, a portion of the 
circumference "i the cylinder, in a plane perpendicular to the axis, 
Cfjual to the length of the arc ABC, passing from one extremity of 
the spiral, and D F=a the length of a line on the curved surface of 
the cylinder, parallel to the axis drawn from the other extremity of 
the spiral, meeting the plane of the circle perpendicularly in the other 
extremity of the arc, hence we have the following 
Rdle. 

Multiply the square of the length of the spiral line by the radius of 
the cylinder, divide the product by the square of the length of the 
■rc, and the quotient is the radius of curvature. 
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Ex AMPLE. 

Given the radius of the well-hole of a spiral stair equal to 2 feet 
3 inches, the height of a step equal to 6 inches and the breadth of a 
step equal to 4 inches on the circumference, required the radius of 
curvature of the rail, and of the string-board under the steps. 

The height of six steps is S feet, and the length of six steps 
round the arc upon which the cylindrie surface of the well-hole stands 
is 2 feel; moreover 2 feet 3 inches=2-25, the radius of the well- 
hole. 

Now 2 a =4 the square of the length of the are, 

S fl =9 square of the height, 
Sum =13 square of the length of the spriral, 
13x2-25=29-2a prod, of rad. and square of length of spiral, 
29 , 25-r-4=7-3125 feet, the radius of curvature required. 
Again, let A B C (Fig. 2) be a section of the cylinder in a plane 
erpendicular to the axis, A C being the chord and a. B the height 
f the arc, and / the centre of the circle. Also, let H G be drawn 
:hrough I parallel to A C, and U V through /, perpendicular to H G, 
o represent the axis of the cylinder. Let A D be drawn parallel to 
( C, making A D equal to the length o f the arc ABC. Draw D E 
lendicular to AD; make D E equal to the distance of obliquity, 
join A E. Draw A F perpendicular to A E, and prolong E D 
a F. Then A E will be the developementor length of a spiral line 
a the face parallel and equal to the lines which are the develope- 
nients of the spirals of the joint lines, and A F will be parallel and 
equal to the lines which are the developements of the spirals of the bed 
lines. Let the semicircle H A B C G be completed; draw H M 
and H L perpendicular to H G, Moreover, draw G M, G L re- 
spectively parallel to A E, A F. Then G M is the axis major of an 
ellipse, of which the radius of curvature at the extremity of the 
axis minor would be that of the spirals upon which the ends meet in 
the intrados, and G Z, the axis major of the ellipse, of which 
the radius of curvature at the extremity of the axis minor would be 
that of the spiral bed lines. 

Then because E A F is a right-angled triangle, right-angled at 
the vertex A, and A D is drawn to meet the hypothenuse E .F perpen- 
dicularly in D, the triangle E A F is divided into two right-angled 
triangles, which are similar to one another and to the whole triangle 
E A F ; therefore, the sides about the equal angles are proportional, 
and the homologous sides are opposite equal angles. 

Let c =A D the length of the arc A B C and rf=D E the dis- 
tance of obliquity ; also let h—A E; then Ifi—c'^+d 2 
let t=P N=J K=I H, the radius of the cylinder. 

By similar triangles D A £snd / G P. 
DA:AE::IG:GP. 



: GP= 



: semi axes major of the ellipse 






Xlviii INTRODUCTION. [PLATE 12 

From the property of the ellipse and the radius of curvature 
PN : PG : : PG : the radius of curvature at N. 
or, r . £ ; t - , ^ = Kf!±_ d l> which is the radius of cur- 

vature of the spiral litieB of the joints, and is equal to that of the el- 
lipse M N Gat the extremity N of the axis minor. 

Again, by similar triangles D F. A, or D A F, and IGJ. 

DE : EA : : IG : G J. 

or, d : h : : r : G J= — the semi-axis major of the ellipse 

G A' L, and from the property of the ellipse aud the radius of curva- 
ture. 

KJ : J G : : J G : the radius of curvature at .ST. 

rh rh rh 2 r(e 3 +d 2 ) ,.,.., ,- ~ 

or, r : — : : — : =— — 1- — - which is the radius of cur- 

d d d? d« 

vature of the ellipse G KL at the extremity A" of the axis minor, and 
is equal to that of the spiral bed-lines. 

Rule. 

Divide the product of the radius of the cylinder and thesquare of 
the length of the spiral joint lines by the square of the circular arc 
and the quotient shall be the radius of curvature of the spiral joint 
lines, and the same product divided by the square of the distance of 
obliquity shall be the radius of curvature of the spiral bed-lines. 

Example. 
Required the radius of curvature of each series of spiral lines for 
the edges of the beds and the lower edges of the joints, given the 
chord equal to 38-75 feet, the height of the arc equal to 6 feet, and 
the distance of obliquity equal to 9j feet. 

Here the radius of the cylinder is 34-2825 feet, see the first of the 
practical examples prob. xxv. As the length of a stone will only ad- 
mit of a very small portion of the curve however great the radius may 
be ; the radius being a little more or less in a great length will not 
affect the accuracy of the work ; in practice it is therefore not neces- 
sary to retain more than two decimal parts ; hence, calling 34-2825 
only 34-28, and 41-18156 only 41-18; then proceeding according to 
the rule. 

AD*= 41-182=1695-7924 
D E* =55^-^62 = 81-0777 
A E a the sum=1779-870I the square of the spiral joint lines. 
34-28X1779-8701 =61013-947028 
61013-9470 „ 
' — =< 256ft. radius of curvature of bed line spirals. 

61013-9470 . 
=35-9 it,, rad. of curvature of joint line spirals. 
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SECTION IX. ■ 

ON THB ANGLE Of THE TWIST. 

Pkob. XXXV.— To find the angle of the twist of two spiral lines in 

two gnea eylindric surfaces and in the same spiral surface, given 

the angle which the spiral in the inner cylindric surface makes 

with a plane perpendicular to the axis of the cylinder. 

Let ABC {Fig. 1.) be a right section of the concave surface, 

the chord A C, being 30 feet, and the height of the arc 10 feet, 

and let the concentric arc D E Fbe a right section of the convex 

surface which contains the other spiral at 4 feet distant from the 

arc, A B C; that is, whatever be the radius of the arc ABC, the 

radius of the arc D E Fw\\\ be 4 feet more ; let g c a be the angle 

which the spiral in the concave surface, makes with its base, which 

is equal to the length of the arc ABC, and let the angle acg 

of the triangle g c a be 40°. 

The length of the arc A B C to a chord of 30 feet, and height 
10 feet, will be found by Prob. xxiv, page xxxi, to be 38-22 feet, and 
the radius of the arc of the same dimensions by Prob. xxv, page xxxiii, 
to be 16 25 leet; therefore, 16-26 + 4'= 20-25 the radius of the 
convex surface ; and because the arcsof similar scgmentsare as their 
radii ; hence 

16-25 : 20-25 : : 38-22 : the length of the arc D E F, which 
being found is 4.7-628. 

In the triangle g a c of the developement of the spiral upon the 
eoucave surface make a c equal to 38-22 feet, the angle a c g equal to 
40° j then, by the following statement, 

rad. : tan. 40° : : 38-22 : a g=3201 feet, nearly. 
In the right-angled triangle;? a f we have the two sides af, a g, 
respectively equal to 47-628 feet, and 3207 feet, to find the angle 
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Therefore, 47-628 ; 32-07 . : rad. : Tan. of the angle afg. 
Kence, the angle af g will be found to be about 33° 57' 
But without finding the lengths of the arcs we might have arrived 
at the same conclusion by using the radii, which are proportional to 
the arcs. The radius I A of the concave surface being found as 
above is 16 25 feet and the radius / D of the convex surface is 
16-25+4=20-25 feet. 

In the triangle g a c we have the angle a c #=40° and the side 
a c=16-25, to find the side a g, which by trigonometry will be found 
to be 13-63 feet ; thus, 

rad : tan. 40" : : 1625 : oc=13-63. 
And in the right angled triangle g a/we have the side u/=20 25, 
and the side a #'="13-63, to find the angle afg, which will be found 
to be 33° 57', as before ; thus, 

20-25 : 13-63 : : rad : tan. 33° 5'. 
Now L a gf—L. a g c=L a c g—L afg, 

40°— 33° 57'=6° 3' the angle of the twist. 
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TO KIND THE ANGLE OF THE TWIST IN PRACTICE. 

It will be sufficient to divide the arcs A B C,D F. F, each into 
the same number of equal parts, as 8, and the sura of the chords will 
be very nearly equal to the length of each respective are. In the 
right-angled triangle c a g, make the base a c equal to the whole 
of the 8 parts of the arc A B C, or any number of them, and draw 
a <j perpendicular to a c. Draw c g, making the angle a c g 
equal to 40° ; prolong a c to/, and make a/equal to the whole 
of the S parts of the arc D E F, or to the same number of them 
that a c is of the arc A B C. Draw fg, and the angle c gf 
is the angle of the twist. 

Or thus ; draw the straight line X Z (fig. 2) and X W perpendi- 
cular to X Z. In X Z make X K equal to / A or Z C the radius of 
the concave surface, and make X Z equal to ID or I F the radiut 
of the convex surface ; and make the angle X YIV equal to i 
Z IV, and the angle YWZ\* the angle of the twist. 

For the arcs of similar sigmentsare as ihe radii, thus I A : I D : 
arcABC: arc D E F. 

if A B C FEB be considered as the plan of a winding stair, 
the stretch out of the ends of the steps round A B C; and af 
stretch out of ihe ends of the steps round D K F ; and if the at 
a ci/ be the inclination of the spiral which ptinmi through the nossi 
in the cylindric surface over the arc A B C, the angle a/g shall be 
inclination of the steps in the cylindric surface which slands u 
the arc D F. F. The angle e g f, which is the difference of 
angles a gfaad age, shall he the angle of the twist which '" 
found necessary in working the soffit of the stair to a spiral 
observing that the ends of a single step are in the same proportion 
the triangles ij a c, gaf,ano\ differ from a plane surface by an aoj 
equal to eg f. If the inclination of the steps begin with the line 
D. the stair is said to be right-handed. 

This principle is the most elegible in constructing the spiral pui 
attributed to Archimedes. 

In the step of a right-hand stair properly prepared, the' 
will find, by placing himself adjacent to the concave end, thi 
end to be sunk from the right to the left side of the stone in a straij 
line, so that this line will make an angle below the plane which tout 
the curve line of the upper edge of the concave end equal to 
angle of the twist. 

And in the step of a left-hand stair properly prepared, the 
will find, by placing himself adjacent to the concave end, thi 
end to be sunk from the left tn the right side of the stone in j 
line, so that this line will make an angle below the plane wl 
touches the curve line of' the upper edge of the concave equal to 
angle of the twist ; thus, No. 1 shows the ends of the step of a ri| 
hand stair, No. 2, the ends of the step of a left-hand stair. 
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Phob. XXXVI. — In an oblique arch 
right section of the concave surface equi 
arc equal 7 feet, the distance of obliquity equal 
breadth of the beds equal to 18 inches or 1ft. 6 
of the twist. 

Draw the straight liueC D, and 
in C D make A C equal to 20 feet, 
and upon A C describe the arc of a 
circle of which the height is seven 
feet. Make A D equal to the length 
of the arc ABC, through C draw 
C ff, and through D draw F E per- 
pendicular to C D. Make C H and 
D E each equal to 16 leet, which is 
the distance of obliquity, and join A H 
and A E. Draw A F perpendicular 
to .'f /.'. and the angle BAP. will 
then be equal to the angle D E A. 

»Draw X Y parallel to A D, and make 
X Y equal to I A or J C, the radius 
of the arc A B C which is the sec- 
tion of the concave surlace. Draw X W perpendicular to X Y, and 
draw y W parallel to A F. Prolong X Y to Z, and make Y Z equal 
to 18 in. ; therefore X Z will be equal to the radius of the convex sur- 
face. Join Z W, and the angle Z W K shall be equal to the angle of 
the twist, or by calculation, thus 

From the chord equal to 20, and height of the arc equal lo 7, will 
be found (Prob. xxiv, page xxxi), 25-9994 = 26 nearly, for the length of 
the arc A li, and from the same dimensions will be tbund, (Prob.xxv, 
page xxxiii), 10-642 the radius of the arc or of the canvave surlace, 
Jn the triangle A D E, right angled at D are given the side A D 
equal to 26, and the side D E equal to 16, from which will be found 
the angle DEA equal to 49° 18', thus 
D E : A D : : rad : tan. DEA 
op 16 : 26 :: 1 : tan. D E A=Xm. 49° 1S'=Z. X Y W. 
In the triangle W X Y right angled at Xare given the angle X Y 
W equal to 49° 18', and the side X Y equal to 10-642, from which 
will be found the perpendicular W X equal tol7-29S, thus 
rad : tan. X Y W : : Y X : W X 
or 1 : 1-6261 : : 10-S42 : W X=17-293 
In the right angled triangle WX Z, we have X Z=10-642 + l-5= 
12-142; hence from the two sides W X, Z .XT respectively equal to 
17-293, and 12-142, will be found the angle .V Z IV equal to 54°5(i', 
thus ZX: W X : : rad ; tan. W ZX 

or 12-142 : 17298 :: 1 : tan. 54° 56' 
Hence LX Y W—L.X Z IV= Y (V Z 
or 54"56'— 49°18'z=S°38' which is the angle of the twist. 
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INTRODUCTION. liii 

SECTION XI. 
OSUQL'E ARCH WITH PLANE JOINTS. 

An oblique arch is a construction of masonry upon the intersec- 
tion of two ways which cross each other at oblique angles. 

An oblique arch with plane joints, is that in which tile beds of the 
■tones are in planes, passing through the axis of the cylinder. 

The right section of ao oblique arch, is a section perpendicular to 
axis of the cylinder which forms the centre for turning the arch. 

The right section of an oblique arch with plane joints, exhibits the 
arc of a circle divided into as many equal parts as there are courses 
of stones, by straight lines which radiate to the centre of the arc, 
the straight lines being the sections of the beds, and the arc a sec- 
tion of the intrados or cyliiidric surface. 

The intrados, or underside of every arch here treated of, is the 

ncave surface of a cylinder comprised between two planes which 

liibit the two elevations of the arch. These planes are generally 
perpendicular to the horizon, and parallel to each other. 

Oblique arches are of two kinds, one with plane joints and the 
other with spiral joints- 

In the oblique arch with plane joints, the planes of the joints being 
parallel to the axis, intersect each face of the arch in very oblique 
and only one of the joints can be perpendicular to the face, 
and this is when each elevation is a semi-ellipse, and when the plane 
of a joint intersects the figure in a straight line coinciding with the 
axis major. All the other joints, as they recede from the centre, are 
more and more oblique till they reach the summit of the arch. As 
every oblique joint causes the dihedral angles made by the face and 
that joint to be very unequal, the obtuse dihedral angle will be much 
Wronger than that which is acute, these angles being supplements of 
each other. Therefore oblique arches with plane joints should never 
be used where great strength is necessary, and where the angle of 
obliquity is very acute, the oblique arch with spiral joints should 
only be employed, as the spiral joints are as nearly perpendicular 
to the face as the construction will admit of. For in order to have 
the stones of one identical form, or such as would fill the same 
mould were they of one length, it is necessary that the deveiope- 
lent of the spirals which form the bed lines should be parallel 
light lines, of which two of them will be perpendicular to the 
of the arch, and the others nearly so. 

The cylinder here referred to is not that of a simple cylinder, but 
of that description which mathematicians call a hollow cylinder con- 
sisting of two concentric surfaces of which the interior is concave 
and the exterior convex ; these surfaces without regarding the dis- 
tinction of concave and convex are called by the name of cylindric 
surfaces : though concave and convex surfaces apply to many other 
solids as well as the cylinder ; but as our object is the oblique arch, 
and as the cylinder only applies to the oblique arch wherever concave 
or convex is used, it must be understood to be the concave or convex 
surface ofa cylinder. 
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OBLIQUE AUCH WITH PLANE JOINTS. 
Pxob. XXXVIII Given the elevation and plan of a semi-elliptic 



irch, 



section of a cylinder of which the right section 
semi-circle ; to find the angles for cutting the 



which is the obliqi 

of the intradi 

quoin heads. 

Let No. 1 be a plan of the arch of which the angle U V Wis that 
of the acute-angled abutment ; and let No. 2 be the elevation in which 
the lines b h, c i, d J, SfC, represent the joints of the stones in the 
face, meeting the inner curve in the points b, c, d, Sfc, and the outer 
curve in the points h, i.j., 8;c. 

Draw a 8 parallel to V Y, at such a distance from V Fas the 
plane of the rear elevation may be supposed to be distant from the 
plane of the front, meeting F Win a. and ¥ Zin /i, and the parallel- 
ogram * V Y& shall be the plan of the aperture. Draw Fyperpen- 
dicular to V Y, meeting a in Y . Draw b g, c I, d n, ftc, parallel to 
U V, or g u; make b g,c I, dn, S/c, each equal to « y, and complete 
the parallelograms g b h I, I c i m,ndj o, fyc, which shall represent 
the beds of the stones. 

Now observing that each of the parallel lines b g, c I, d n, #c„ is 
the projection of a joint line in the intrados of the arch, and forms an 
angle with the liice of the arch in a plane perpendicular to that face, 
equal to the angle V V Wof the acute abutment ; it is, therefore, 
evident that at every joint will be formed a right trihedral, of which 
the angle of one of the right (aces is equal to the acute angle of the 

Slan, and the other in the plane of the face equal to the angle made 
y the joint line and a line parallel to the base, and that the angle of 
the oblique face is the angle made by the two joint lines, the one 
being in the face and the other in the intrados. 

To construct the trihedral for any one of the joints as b h in No. 3 
or in No. 4, draw A K parallel to b h, and A F parallel to b g ■ and 
make the angle FA J equal to the angle V V W. Then F A K is 
the angle of the adjacent face, and FAJ the angle of the opposite 
face. Proceed now as in Prob. xxi, page xxvii, thus 

from any I'liiveiiient (mint '.' in tin.' right udge A F, draw G /, intersecting 
thi' ufljaci'iit edge I K ptrpfiuli.-uL-rly in li. and draw G F. |H.'q>eiidk'ular tu 
A F, meeting A J in E. Prom tin? point A, with the distance A E cut H I in 
/; through /draw A L, and the angln K A L or // ,4 7 shall he the angle of the 
ohliijne tare, tlint is the angle m:nle l>v tin' joint line on the intrudes and the 
joint line on the face. 

In A F make G equal to G H ; join O E, and the angle G O E is the di- 
hedral angle, or the angk' made by t lie lied mid lino of tlie stone. 

Or the angles of the beds and the dihedral angles of the faces and 
beds may be found in one diagram in the following manner : — 
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In fig. 2 draw P Q parallel to A F or V V, and in P Q take the 
point L, and draw L H, L I, L J, Sfc, respectively, parallel to the 
joint lines 4 A, e i, dj, fya, in the elevation No. 2 ; anil towards P take 
the distance L G of any convenient length, and draw G H, G I, 
G J, Sfc, respectively perpendicular to L II, L I, L J, fyc In G L 
make G a, G 6, G c, fa., respectively equal toG H,GI,G J. Make 
the angle GL ;l/equal to the acute tingle which the axis of the cy- 
linder makes with the line of section of the elevation, or equal to the 
angle of the acute abutment, viz., equal to U V IV, and draw G M 
endicular to P Q. Join a M, it M, c M, %<!., and the angles 
M,PbM t Pc M, *c, shall he the dihedral angles made by the 
beds and faces at the joints h h,e i, dj, 8$c. From L with the radius 
L M, describe the arc Mz y x. In L Q make L u, L v , L w, Sge., 
respectively equal to L H, L I, L J, $rc. Perpendicular to P Q draw 
« x, » y, w x. fa., and the angles QLx,Q Ly,QLz, $*., are the 
angles of the beds. To avoid confusion the work is placed below 
the line P Q instead of being above. 

Remarks. 
. the construction of the oblique arch with plane joints, the 
arch stones which are supported by the acute angled abutment have 
f dihedral angles adjacent to the upper beds as they rise towards 
the middle decreasing. The first stone has its dihedral angle equal 
to a right-angle, and if a stone be supposed to have a joint in the 
summit of the arch, the dihedral angle of that stone would be equal 
to the acute angle of the abutment. Also the angles of the beds of 
the stones which rise from the said acute angled abutment are on 
the contrary continually increasing, as they ascend towards the 
crown, the lower bed of the first sione being the same as the acute 
angled abutment upon which it is placed; and if a joint be supposed 
to be at the summit, the angle of the bed of the adjacent stone would 
be a right angle. 

With regard to the dihedral angles of the arch stones which rise 
from the obtuse angled abutment, those of the upper beds are con- 
tinually increasing, as they asceud towards the summit or crown, 
the dihedral angle of the first stone at the bottom bed being a right 
angle, and that at the summit equal to the angle of the obtuse abut- 
ment. Also the angles of the beds as they rise towards the crown 
are, on the contrary, continually decreasing from an angle equal to that 
of the abutment, to a right-angle at the crown. 

On both sides of the arch the dihedral angles of the under beds 
are the supplements of those of the upper beds, and ihe angles of the 
beds which rise from the obtuse angled abutmeni arc the supplements 
of the angles of the beds of the stones which rise from the acuta 
angled abutment. 
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The position of the joints in plate 14 is not confined ; in plate 15 
and 16 they are regulated by joints of the right section, and ace found 
as in Prob. xtV„ page 17. In plates 15 and 16, L H, L I, t J., Jjv., 
are the continuations of the joints to the centre L. In plate 16 the 
elevation answers to a right section, which is the segment of a circle. 
Thu method of finding the dihedral angles, as also the angles of the 
beds, will be found as before explained, thus : — 

Draw G H, G I, G J, respectively perpendicular to L H, L I, 
L J. 8fc. In GL make G a,G6,Gc, Sfc, respectively equal to G H, 
G I, G J, Sfc. Make the angie G L M equal to the acute angle 
which the axis of the cylinder makeB with the line of the elevation, or 
equal to the angle of the acute abutment, viz., equal to V II". V. and 
draw G M perpendicular to G L. Join a M, b M,c M, Sfc, and the 
angles P a M, Pb M, Pe M,S(c., shall be the dihedral angles at the 
joints which radiate to the centre L. From L, with the radius L M 
describe the arc M zy x. In L Q make Lu, Lv, Lw, Sfc. t respec- 
tively equal to L H, L I, L J, #c Perpendicular to G L draw tix, 
v y, u> z, Sfc., and QLx, QLy, Q L z, fyc, are the angles of the 
beds. 
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ON THE OBLIQUE AECH, WITH SPIHAL JOINTS. 






If a straight line move perpendicularly upon another straight line 
at rest, in a fixed plane, in such a manner that if the distance passed over 
upon the fixed line by one extremity of the moving line, be propor- 
tional to the angle which the moving line makes with the plane, the 
other extremity will describe a curve on the surface of a cylinder 
called a cylindric spiral. 

From this definition of a spiral line it is evident that the radius of 
the cylinder is equal to the length of the line which describes the spiral. 
A surface, described by a straight line, moving perpendicularly upon 
another straight line at rest, in such a manner that the distance passed 
over upon the fixed line, by one extremity of the moving line, may be 
proportional to the angle which the describing line makes with a fixed 
plane, is called a spiral surface, and the fixed line is called the axis of 
the spiral surface. 

If a spiral surface be cut by a cylindric surface, having the same 
axis as the spiral surface, the cylindric section of the spiral surface is 
a spiral line. 

An oblique arch, with spiral joints, is that in which the surfaces of 
the beds and the surfaces of the joints are both spiral surfaces. 

If an oblique arch, with sniral joints, be executed accordingto the 
principles here established, and cut by a plane perpendicular to the 
axis of the cylinder, the section will exihihita series of straight lines, 
dividing the arc of a circle into Smaller arcs, and the lines being pro- 
longed, would meet in the centre. 

A Tight hand oblique arch is that, when, by approaching one of its 
elevations, the right hand abutment advances belore the left. 

A left hand oblique arch h that, when by approaching one of its 
elevations, the left hand abutment advances before the right. 

If the segment of a cylinder be cut, hy two parallel planes, obliquely 
to the axis, and if the cylindric surface between the planes be deve- 
veloped, the curves which are developments of the surface and the 
sections, will be identical, and will each be bisected by the straight line 
hich joins each extremity, and the two straight lines will be parallel. 
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The projections of spiral lines, in the s 
have parallel developments, are identical 

A cylindric spiral is a line of double curvature, 
equally inflected. 

The developement of a cylindric spiral is a straight line. 

A straight line drawn through any given point on the surface 
cylinder, wil! he parallel to the axis. 

A circle drawn through any given point in the surface of a cylindi 
will be in a plane perpendicular to the axis. 

The developement of the arc of a circle is a straight line, and 
the length of that are. 

Therefore if on the surface of a cylinder be given a spiral line, 
and if there be drawn on that surface a circle through one extremity 
of the line, and a straight line through the other; in the develope- 
ment of the cylindric surface, the three lines shall form a right-angled 
triangle of which the developement of the spiral shall be the hypo- 
thenuse, the length of the circular arc which may be called the base, 
one of the sides which contain the right angle, and the other side may 
be called the atlitude of the spiral- 

The angle of inclination of a spiral is the angle which the develope- 
ment of the spiral makes with its base or with the line which h 
length of the circular arc. 

Tkt lenghts of two spirals having equal inclinations are to one 
ther as their bases or as their altitudes. 

Let A C be the developement of a spiral, 
and let C Ebe parallel, and A E perpendicular 
to the axis of the cylinder. In A C take any 
point B, and draw B D parallel to C E, then B/ 

the triangles A E C, A D B are similar, and 
therefore have equal inclinations ; hence 
AB :AD -.-.AC : A E 
or AB .AC ::A D : A E 
Again 
AB-.BD:: AC: CE 
or AB.AC::BD:CE 

Hence the lengths of two spirals having the 
same inclination are to one another as their 
bases or altitudes. 

If tlie bases and altitudes of two spiral lines have the same 
tion, the two spirals have the same angle of inclination, and may 
one continued spiral. 

If the developer/tents of two spiral lines having equal altitudes, but 
unequal bases be bent upon two conrc.ntric ei/luufric surfaces, the least 
upon tlie concave and the greaUr upon the eon vex surface, so as to have 
tlteir proper altitudes, the two spiral tines shall be. in a spiral surface, 
or will form the bed lines of a course of stones, ; moreover the dij 
of the angles of inclination of the bed times is equal to the angli 
twist. 
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*LATE 17.] ON THE OBLIQUE AHCH WITH SPIK*L JOINTS. S 

PROBLEM I. 
To find the development and plan of tfie intrados of an oblique arch 

wide spiral joints ; given the width of the aperture, the height af tile 

intrados, the angle of obliquity, the length of one of the springing 

lines, and the number of arch stones ill each elevation. 

The method of the developement of the curve of the oblique sec- 
tion of a cylinder has already been shown (Prob. xv., page IS) ; but, 
for the sake of connection, the entire operation is here shown. 

Draw A C, and make A C equal to the width of the aperture. — 
Upon A C, as a chord with the height of the intrados, describe the 
arc A B V. Prolong C A to D, and make A D equal to the length 
of the are ABC. Draw A G perpendicular to C D, and make A 
G equal to the length of the springing line. Parallel to A G, through D 
draw F E, unA through C draw f H. Make D E and C hi each equal 
to the distance of obliquity. Join A E and A H, and complete the pa- 
rallograms A Hf G.AEFG. A HfG is the outline of the plan, 
the lengths of the faces being A H, Gf; and the lengths of the 
abutments or springing tines A G, Hf. The parallogram A E F G 
is the outline of the developement of the concave surface ; except 
that instead of the straight lines A E, G F there are also curves 
AE, G F which are the developments of those portions of the intra- 
dos adjacent to each face of the arch. 

Divide the arc A li C at the points 1, 2, 3, &c, and the straight 
line A D at the points 1, 2, 3, &c, each into an equal number of 
equal parts. From the points of division 1, 2, 3, Src, in the arc A B 
C.and from the points 1, 2, 3, &c, in the straight line A D, draw 
l**,2»tt,3an,&c; 1 w, 2 n, 3 n,&c ; and let 1 «h,2*h, 3 « n, 
Ac, meet the straight line A H in the points n, n, n, &c, and inter- 
sect the straight line A C in «, a , «, &c. Make the distances 1 n, 2 
B, 3 n, &c, respectively, equal to a. n,a. n,n n, &c. From A through 
the points n, n, «,&c, draw the curve line Annn...E. With the edge 
of a thin slip o\' wood formed to the curve A E, draw the opposite 
identical curve G F, and the curves A E, and G F are each bisected 
by the straight lines A E, G F, one half of each curve being within, 
and the other half without the bisecting line, which we shall here call 
the regulating line. 

Divide the straight line A E, which is the length of the face of the 
arch, into as many equal parts as there are arch stones, which in the 
present example are seven, being designed for a small culvert — 
Through the points of division draw lines perpendicular to A E, and 
let one of these lines k F, meet the spri nging line E F, in the extre- 
mity F. Now, if lines were drawn through the points of division in Ek 
parallel to k F, the springing line E F would be divided into as many 
equal parts as the number of equal parts contained in E k, which is 
here six out of the seven, into which the whole line A E is divided. 

As there are two methods of drawing the line A L, we shall sup- 
pose it drawn as here done, reserving the discussion of the mode 
which may be adopted for the conclusion. 



4 OS THE OBLIQUE ARCH WITH SPIRAL JOINTS. [ PLATE IT. 

Divide A G into six equal parts, at the points N, P, R, T, V and 
draw N O, P Q, R 8, T U, V W, parallel to A E, and E F will 
also be divided into six equal parts at the points O, Q, S, U, 
W, which gives the lengths E O, Q, Q S, &c, of the 
springers. From, or through the points of division in A E, and 
from the springing points O, Q. S, &c, N, P, R, &c, in £ F, A G, 
draw lines parallel to k F, so as to meet the curve lines A E, G F, viz. 
A E in the points t, t, t, Ac, and G F in the points z, s, s, &c. The 
parallel lines;* z, t z,'t z, &c , are the developments of the bed lines, and 
the parallel lines N'O, P G, R S, &c , are the dcvelopements of the 
spirals in which each series of joint lines are parts. Perpendicular to 
A V draw tt,tt,tt, Sec, meeting the straight line A It in the points 
(, (, (, Ac, and the points *, t, t, &c, in the straight line A H are the 
ends of the projections of the bed line spirals. 

Prolong A L the developement of one of the bed line spirals and 
the springing line E F to meet eaeh other in J, Then, in order to 
construct the plan of the spirals of the bed and joint lines, it will be 
sufficient to show the projection of one of each kind. Through the 
points 1. a, 8, Ac, in the arc A B C parallel to A G draw the straight 
tines a a b, « a b, .-. a b, &c. Let a, a, a, &c, beany number of points 
in A /., or in A L J. Perpendicular to A G draw aa,aa,aa, &c, meet- 
ing a a b, a a b, a a b, Ac, in the points a, a, a, Ac. From A through 
the points a, a, a, Ac, draw the curve line A a a a ... Ij which is the 
projection of one of the bed line spirals corresponding to the develope- 
tiu-iit A a n a ... L. J of the same spiral. As the projection of spiral 
lines which have parallel developments ;ire identical curve lines, and 
since we have the springing points X, P, R, T, V as also the ends (, 
(, 4c, in A H, the remaining projections may be drawn as before 
shown by the edge of a thin slip of wood formed to the curve A a a a 
... tj observing that each end of the edge thus formed must be placed 
upon the springing points in each springing line, or at least one of the 
ends upon one of the springing lines and the edge successively upoo 
the points t, t, t, Ate. In the same manner may be found the curve 
line V b b b ... w which is the projection of the same joint line of 
which the straight line V I b b ... IK is the developement- The re- 
maining curves of the jointlines may be drawn as observed in the 
curves of the bed lines. 








£ 18.] ON THE OBLIQDE ARCH WITH SPIRAL JOISTS. 

PROBLEM IT. 

Given the same things as in the precceding problem, to find the eleva- 
tion of one of the faces on a plane parallel to that face. 
In drawing tlie plan or elevation of an oblique arch, the projections 
of all spirals which have parallel dcvelopements are identical curve 
lines whether in a plan which is made on a plane parallel to the 
axis or in an elevation which is made on a plane inclined to the axis ; 
the projections on a plan differ considerably from those in an eleva- 

In drawing the elevations of oblique arches we must first find the 
projections of lines parallel to the axis of the cylinder passing through 
the points of division in the arc, then the projections of the spirals 
will be found by drawing straight lines, from the points in the pro- 
jection of a spiral from the plan, to meet the lines which are parallel 
to the axis perpendicularly in the corresponding points of the pro- 
jection of the spiral to be found, then drawing the curves through 
the points in the^succcciling parallel lines. 

Find the plan and developement as explained in the preceding 
problem. 

Draw the straight lines p q,r s,t u, v w, x z, &c, parallel to A H, 
making the distance between p g, r s, equal to the distance of the first 
joint below the springing line or about C inches, which is the usual allow- 
ance ; also make the distances of t u, v to, x z, &c, above the springing 
iiner irespestively equal ton 1, »2, nS, fyc. the heights of the ordinates 
of the arc G K L above the chord G Z-. The lines p g, r s, t u, &c, are 
those which are parallel to the axis. Perpendicular to A H drawi i,jj, 
i ft, &c, meeting t s in the points i,j, h, &c., and i,j, h, are the projec- 
tions, of the bottoms of the indentations of the springers ; also perpen- 
dicular to A ZZdraw 11, mm, nn,&c, meeting tu, v w, x z, &c, respec- 
tively at the points I, m, n, &c, and draw the curve line ilmn ... 
which is the projection of one of the courses of spiral joint lines, In 
the same manner the entire elevation rnay be completed, as is evident 
from the figure. 

In the projections of the spiral lines in the elevation, the plane of 
projection is not parallel to the axis of the cylindric sorlace as is the 
case with the plane of projection upon which the plan is made. The 
projections of the spiral lines upon the plan arc regular curves, but 
those in the elevation are not so uniform, 

PROBLEM 111. 

ime things being given to construct the longitudinal section. 

vill be done in a similar manner to what has just been shown 
in the last problem, as will be evident by inspecting plate 19, and 
therefore any particular explanation will be unnecessary, observing 
that the curve tine r s t u No. 3 is the projection of the curve line 
rst mNo. 1, and is therefore the spiral line of which rs tu No. Sis the 
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>petuent$ oi tbe tat *nm was inta * 
a* there are arch stone* : a eati o«^™, -a-, ww, » in [his «sm- 
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draw .V a, P p. R '. f i, meeting t : in «, »> r. & as aun parallel » 
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Join m <*. p •{, r j, t «. and the lines t j. p /, »-«.£» ai 
meets of the joint lines in ebe convex aurrace. and 
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(a, each into nine equal pans, ami am the lines* a,r*j, comprise three 
steps or springer?, the corresponding puints trough which the he* 
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In plate 2t, the two dcrelopeanents are represented as if they 
were one diagram comprised by the figure *j a a, isaarder u chow 
that the angle of the twin is nothing more dan the angle made by 
the developementa of' two bed line spirals, via, one in the concave ana 
the other in the convex surface. 

In the right angled triangle W X Y, draw JT F parallel to tbe chord 
or diameter A C, X JFperpendicuIar to X Y. Make X Y equal » 
the radius A /of the concave surface, and draw YW parallel to D H, 
which I* the flevcloficment of one of the bed line spirals. Prolong 
V Yio Z, and make Y Z equal to Alt'. Join Z W, and Z W shall be 
[infalld to J II, the develnpcment of one of the bed lines of the convex 
■WfltW | thtrtftra, the angle Y IV Z is equal to the angle D H J. 






PROBLEM V. 
Given the chord and height of the in trades, the distance of obliquity, the 
distance between tlie two faces, the breadth of the beds, and the num- 
ber of arch-stones, to construct the templets for working the arch- 
Draw A C equal to the chord, and with the height of the intrados 
describe the arc ABC: prolong C A to D, and make A D equal to 
the length of the arc. Draw C H and D H perpendicular to C D, 
and make C/f and D E equal to the distance of obliquity. Join 
A II, A E. Describe the curve A E in the same manner as directed 
in Problem XV, page xviii Introduction. Prolong E D to F, and H 
Cto Q/, and draw A G parallel to E F. Perpendicular to A H draw 
A v, and make A u equal to the distance between the faces. Through 
w draw G Q parallel to A II, and draw G F parallel to A E- Draw 
the curve line G F, and AH Q' G is the outline of the plan, A E 
F G the outline of the developement. In order to prevent two 
joints from meeting each other it is necessary that the number of arch 
stones in each face should be an odd number; we shall therefore 
suppose this number to be nine. Draw F K meeting the straight 
line A E perpendicularly in K. Divide E K into tive equal parts, 
and K A into four equal parts, so that the whole line E A may con- 
sist of nine parts as nearly equal to one another as the case will ad- 
mit of. Now there will be as many springers in E F as in the part 
E K, and as many in A G as in E F ; therefore, divide E F into 
five equal parts at the points N, P, If, T. Draw N O, P Q, R S, 
T U, parallel to E A, meeting A G in 0, Q, S, V. From the points 
A", P, It, T, and O, Q, S, V, as also from the points of division in A K, 
draw lines parallel to K F to meet the curve lines A E, G F. Then 

tK F, and all the lines parallel to A' F are the developenients of the 
bed lines, and the alternate portions of the parallel lines NO, P Q, 
R S, &c, are the developements of the joint lines. Ilraw a e parallel 
to A C, of any convenient length, and with the radius I A or / C 
describe the arc ace; draw a /parallel to A G, and e f parallel to 
KF. Draw e m parallel to A G, and/ m parallel to E A. In a e 
take any convenient number of points 1, 2, 3, &c Draw the 
straight lines 1-1, 2-2, 3-3, Sec, parallel to A G intersecting the arc 
a ce in the points b, c, d, Sfc, ami J e in the points 1, 2, 3, &c, and 
meeting fm in the points 1, 2,3, &c. Perpendicular to fe draw 1 
(/, 2 h. 3 i, &c, and perpendicular to/m draw Ij, 2 k, 3 /, &c. Make 
1 g, 2 A, 3 i, &c, respectively equal to 1 h, 2 c, 3 d, &c. and likewise 
make ij, 2 k, 3 /, See., respectively equal to 1 b, 2 c, 3 d, &c. Draw 
the curves/^ h i e,fj klm. Make two templets No, 1, No. 2 to 
form the segments/A e,fk m. Make also two arch squares No 3, 
No 4, having the inner edges of the one limb curved and the other in- 
ner edge straight, the straight edge being perpendicular to the under 
edge of the curved limb, observing that the curved limbs, q r s, n op, 
must be identical to the half segments of No. 2, No. 1, viz, qr s the 
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ln'the right-angled triangle W X Fdraw X IF parallel to A G, 
and -Y V parallel to D A. Make X V equal to the radius I A or 1 C, 
and draw Y If parallel to A' #*. Prolong X Y to Z, and make Y " 
crjual to the breadth of the beds. Join Z IV, and the angle Y IV 
is the angle of the twist. 



TO WORK ONE OF THE ARCH STONES. 



rz 

: 



Besides the templets already shown, prepare two straight edges, 
one parallel, and the other broader at one end containing the angle 
of the twist. We shall suppose that all the faces of the stone are 
rectangler and that the stone is laid upon one of its beds, and con- 
sequently the other bed uppermost, and that you are placed ad- 
jacent to the soffit of the stone. Apply the templet No. 1, so that 
the curved edge f g h i e may rest upon each end of the arris 
next to you, then upon the surface of the stone draw a line by the 
curved edge, and the line thus drawn will be the bed line between the 
soffit and that bed, observing that the curve must be convex to the 
opposite arris of the stone or concave to the adjacent arris. Apply 
the parallel strait edge upon the arris next to you which is to be cut 
away, and the other straight edge which contains the angle of 
the twist, so that the planes ot~ two faces of these straight edges may 
be parallel to each other, and at such a distance as to be equal to the 
intended breadth of the beds; then the straight edge which contains 
the angle of the twist must be sunk into the stone until the upper 
edges of the two straightedges are out of winding or are in one plane. 
The bottom of the chisel draught will then make an angle with the 
surface of the stone equal to the angle of the twist. If the arch is 
right handed, the broader end of the straight edge must be applied 
next to the left hand of the stone ; but if the arch is left handed, the 
broader end must be applied next the right hand end of the stone 
The protuberant part between the bottom of the chisel draught, and 
the bed line must be taken away until the surface agrees every 
where with a straight edge applied from any point perpendicular to 
the bed line or to the curve which forms the bed line. The spiral 
surface of the one bed being thus formed, we now proceed to form 
the soffit. Apply the arch square No. 3 in the same manner as a 
common square, each limb being perpendcular to the arris or to a 
tangent to the curve which forms the arris or bed line, so that the 
straight edge q « may coincide with the surface of the bed, and the 
curved edge q r s may rest upon the stone which is attached to the 
soffit, and which is to he wrought awa y. Repeat the application un- 
til the curved edge q r s coincide with the surface of the soffit 
which will then be that of a cylinder. Having formed the cylindric 
surface, guage the soffit to its breadth, and proceed with the same 
arch square to work the other bed, it need hardly be observed that 
the curved edge must be applied to the soffit or cylindric surface, 
and consequently the straight edge upon the winding surface of the 
bed. 



ON THE 

HISTORY AND THEORY 

OF 

OBLIQUE BRIDGES. 



The rapid increase of the commerce and manufactures of this 
country having of late years demanded increased facilities of com- 
munication, the demand has been met in the first instance by the 
construction of canals, and more recently by the introduction of 
railways, and the application of steam power to the purposes of 
locomotion. 

But as it is always the result of human inventions to make fur- 
ther demands upon human ingenuity, the formation of canals 
and railways has opened a field previously unknown to the ge- 
nius of our engineers, and afforded them splendid opportunities 
for the exercise of their talents in overcoming the obstacles 
which are presented by nature to the execution of these great 
public undertakings. 

The graceful undulations of the country, while they constitute 
the greatest charm of the landscape, and offer the most delightful 
picture to the lover of nature, present the most serious difficul- 
ties to the operations of art, and tax to the uttermost the pro- 
fessional skill of the architect and engineer, to preserve the level 
line which the construction of these works imperiously requires. 

It is to these difficulties, therefore, that we owe the stupen- 
dous monuments of human intellect which are scattered over 
the face of the country ; the tunnels, bridges, aqueducts, and 
embankments which excite our admiration at the genius by 
which they were projected, and the industry by which they were 
carried into execution, and thus we are indebted to the very cir- 



cumstances which threaten to render works of this description 
totally impracticable, for the objects which tend these works 
their chief attraction to the scientific mind. 

There is perhaps none of these contrivances in which the ap- 
plication of science to the common affairs of life is better exem- 
plified than in that which forms the subject of this treatise. 

The oblique arch is an invention of comparatively recent date, 
and until the general adoption of railways, and thedevelopement of 
the powers of the locomotive engine, was comparatively of little 
consequence, but the immense speed of travelling attained 
by these means rendering it urgent to preserve the most di- 
rect line, and thus precluding to a great extent the employ- 
ment of bridges on the common plan, has caused the general 
adoption of oblique bridges on all the lines of railway now in 
progress and made it a matter of importance that the theory of 
their construction should be fully understood. 

The late eminent engineer, William Chapman, a native of 
Newcastle on Tyne, seems entitled to the honour of originating 
the idea of oblique bridges in their present form ; but although 
fully aware of the difficulty of constructing them, he does not 
appear to have laid down any sound principle by which it might 
be done. 

In an article in Bees' Cyclopedia, title " Oblique Arch," which 
appears to be the first notice on record of the employment of the 
oblique arch, properly so called, he explains the substitutes for ob- 
lique bridges then in use, and the circumstances which led to their 
introduction, as follows : — 

" Wherever high roads run oblique to the course of any river, 
rivulet, drain or canal, necessary to be passed over by a bridge, 
the direction of the former is generally varied so as to be rect- 
angular to the course of the latter unless in small streams, over 
which, when their course i3 not made to suit the road, there are 
several instances of the construction of what are termed Skew 
Bridges. 

"These, with the exceptions which will be afterwards men- 
tioned, have been built in the usual manner of laying each course 
of stones or bricks of the arch parallel to the tine of the abut- 
ment and beveling ofl' their ends on each exterior face of the 
arch in a line correspondent with the intended direction of tho 
road over the bridge." 

After pointing out the insecurity of this mode of building o 
lique bridges, he proceeds — 

"These circumstances have prevented cautious builders t 
adopting this method, and induced them, in a few instances, 



build the arch square to its abutments and run the parapets ob- 
lique to coincide with the line of road; leaving alternate tri- 
angles of the arch on the outside which has a disagreeable ap- 
pearance, and has seldom been used ; therefore, in general, unless 
;he courses of streams and canals were made rectangular to the 
:oad, the line of the latter has been altered so as to admit of a 
"rect passage over the water, which upon high roads when not 
curved to a considerable distance, is inconvenient if not danger- 
ous ; and particularly so to travellers in the night time ; from 
which cause the skew bridges described were with all their im- 
perfections, occasionally had recourse to ; and the writer of this 
article has never heard of any alteration in the form prior to the 
year 1787. At this time he had the direction of the County of 
Kildarc Canal, a branch from the Grand Canal of Ireland, to 
the town of Naas." 

" In the course of conducting the work, several of the directors 
of that canal were anxious to have the line of the roads unvaried ; 
therefore our author was led to consider whether the usual im- 
perfect method could not be set aside by the substitution of one 
on sound principles; and it then occurred that its leading fea- 
ture must be, that the joints of the voiseoire whether of brick or 
stone, should be rectangular with the face of the oblique arch 
in place of parallel witli its abutments, and consequently the 
bridges over the county of Itildare canal were made to suit the 
line of road, although tin* obliquity of one of them was carried 
to an extent beyond what he deemed eligible in practice, as will 
appear from the observations made on Finlay Bridge, near the 

Ktown of Naas, which deviated 51° from a rectangle with the ca- 
nal, and consequently formed the acute angle of 39° with its 
abutments. Its span in that direction was 25 feet, and its pitch 
5 feet 6 inches, or nearly &-9ths of its span." 

After further discussing the subject, Mr. Chapman comes to 
the following conclusion respecting the construction of oblique 
arches on an improved plan : — 

" The im flout course must be serrated," " and as the lines in 
which the beds of the roissoirs run are obrimslt/ spiral lines, 
it follows that the soffit of each stone must be curved in that 
direction, and likewise if must be twisted in its sommering, 
which although not insuperable difficulties, are so in such a de- 
gree as combined with the indented form of the impost, render 
it advisable to use brick both for the impost and arch, or at 
most to be contented with the use of stone only for the quoins and 
their necessary imposts, in the forming of which intelligent stone 
cutters will be requisite." " It is apparent that the head of each 



voisaoir on that side of the arch where its face forms an acute 
angle with the abutment must make an obtuse angle with its 
soffit decreasing in their approach to the crown of the arch, and 
thence forward becoming acute and increasing as they advance 
to the other impost where the face of the arch forms an obtuse 
angle with its abutment ; therefore the different sides of the 
same voissoir must form different angles of elevation or depres- 
sion from the rectangle with its head." 

" A Geometrical mode of forming each voissoir would fce com- 
plicated" 

Mr. Chapman seems to think that the construction of oblique 
arches upon geometrical principles would be difficult, and having 
broached what the leading features of their construction ought 
to be, leaves the execution of the work to the ingenuity of the 
mason, without laying down any principles to guide him. 

Mr. Tredgold, in the Encyclopedia Britannica, has also 
written upon the oblique arch. In his construction, the beds of 
the courses of arch stones meet each other in planes perpendicu- 
lar to the face of the arch, and to the intrados only in the curve 
where it intersects that face, and as the beds advance to the oppo- 
site side face, their planes cut the intrados the more obliquely. 
Mr. Tredgold's talents are well known to the public ; I shall, 
however, leave the reader to judge of the eligibility of this method. 

These were all the principles which were in the possession of 
the mason till the publication of the Tri'iitise on Masonry and 
Stone-cutting by me in 1828, the theory of oblique arches con- 
tained in which, will be more fully discussed hereafter. 

The next theory is that propounded by Mr. Fox, in the Lon- 
don and Edinburgh Philosophical Magazine, published April, 
1836 (eight years after my Treatise on Masonry), who, after 
remarking on the advantages of skew bridges, or oblique arches 
over these of the common construction, introduces his theory 
as follows : — 

" As many practical men with whom I am acquainted have 
experienced considerable difficulty in the construction of skew 
bridges, I was led to turn my attention to the subject ; and 
have at length succeeded in rendering the principles of it easy 
to be understood- 1 ' 

Now it certainly would appear that Mr. Fox is either charge- 
able with ignorance of th« subject on which he treats, or with 
want of that candour which induces men of science to allow 
their predecessors the honour and credit of what they have 
written on the same subject. For the impression produced up- 
on the mind of any one reading the introduction to his pap« 




would be, tliat Mr. Fox was the first wlio had " turned his at- 
tention to the subject," and " succeeded in rendering the prin- 
ciples of it easy to be understood."' I could, however, have been 
rery content to pass Mr. Fox's paper, with an exposition of Ids 
principles, trusting that to every person conversant with the sub- 
jet, my treatise had already spoken for itself; but that that 
^ mtleman, in a subsequent paper in the same magazine (March, 
1837, page 167), after being informed that a rule for the con- 

■uctlon of the obb'que arch was in existence some years prior 
to the publication of his theory, avoiding altogether the ques- 
tion of his previous knowledge of such a rule, enters into a 
discussion of the question " whether his rule is identical with 
, and, if not, which is the better of the two." 

This question he settles much to his own satisfaction, and 

■onounces his judgement in the following logical sentence: — 
' I trust that what has been brought forward shows that Mr. 
Is' ich olson's rule and mine are not alike, and therefore, that he 
has no " prior claim to mine, and that my rule possesses advan- 
tages not to be found in his." 

In the Philosophical Magazine, before referred to, April, 
1836. page 300, Mr. Fox says, 

" The principle which I have adopted is, to work the stones 
in the form of a spiral quadrilateral solid, wrapped round a cy- 
linder, or, in plainer language, the principle of a square-threaded 
screw ; hence, it becomes quite evident, that the transverse sec- 
tions of all these spiral stones are the same throughout the whole 
arch. It will be obvious, that the beds of the stones should be 
worked into true spiral planes ; but I am not aware that any 
rule has yet been published that would enable the stones to be 
wrought at the quarry into the desired form, or of any rule by 
which the true angle at which the courses cross the axis of the 
bridge is determined." 

I shall just notice, that the expressions " to work the stones 
in the form of a spiral quadrilateral solid wrapped round a cylin- 
der," 1 and " that the beds of the stones should be worked into 
true spiral planes," convey no idea of geometrical principle : a 
thin piece of paper may naturally be bent round a cylinder, but 
such a solid can only be constructed to fit the curved surface, 
and a spiral surface cannot be called a spiral plane ; there are 
many kinds of surfaces, but only one that is called a plane, or 
plane surface. 

With respect to the concluding paragraph of Mr. Fox's re- 
marks, I may state that I am In possession of a letter from Mr. 
James Hogg, to Henry Welch, Esq., Bridge-surveyor to 
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cumstances which threaten to render works of this description 
totally impracticable, for the objects which lend these works 
(heir chief attraction to the scientific mind. 

There is perhaps none of these contrivances in which the ap- 
plication of science to the common affairs of life is better exem- 
plified than in that which forms the subject of this treatise. 

The oblique arch is an invention of comparatively recent date, 
and until the general adoption of railways, and thedevelopementof 
the powers of the locomotive engine, was comparatively of little 
consequence, but the immense speed of travelling attained 
by these means rendering it urgent to preserve the most di- 
rect line, and thus precluding to a great extent the employ- 
ment of bridges on the common plan, has caused the general 
adoption of oblique bridges on all the lines of railway now in 
progress and made it a matter of importance that the theory of 
their construction should he fully understood. 

The late eminent engineer, William Chapman, a native of 
Newcastle on Tyne, seems entitled to the honour of originating 
the idea of oblique bridges in their present form ; but although 
fully aware of the difficulty of constructing them, he does not 
appear to have laid down any sound principle by which it might 
be done. 

In an article in Keen' Cijc-bijiedi'i. title " Oblique Arch, 1 ' which 
appears to be the first notice on record of the employment of the 
oblique arch, properly so called, he explains the substitutes for ob- 
lique bridges then in use, and the circumstances which led to their 
introduction, as follows : — 

" Wherever high roads run oblique to the course of any river, 
rivulet, drain or canal, necessary to be passed over by a bridge, 
the direction of the former is generally varied so as to be rect- 
angular to the course of the latter unless in small streams, over 
which, when their course is not made to suit the road, there are 
several instances of the construction of what are termed Skew 
Bridges. 

" These, with the exceptions which will be afterwards men- 
tioned, have been built in the usual manner of laying each course 
of stones or bricks of the arch parallel to the line of the abut- 
ment and beveling off their ends on each exterior face of the 
arch in a line correspondent witli the intended direction of tho 
road over the bridge." 

After pointing out the insecurity of this mode of building ob- 
lique bridges, he proceeds — 

" These circumstances have prevented cautious builders from 
adopting this method, and induced them, in a few instances, to 
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" On further con si-deration I discovered a more eligible mode 
of laying out the lines." 

" To get the thrust strictly correct, I have supposed the 
arch to be cut into two rings of equal thickness." " And hav- 
ing considered the external ring as removed, have proceeded to 
develope the outside surface of the remaining one ; this I shall 
here afterwards speak of as the intermediate development, as it is 
the development of a surface midway between the extrados and 
the soffit or intrados." 

" Upon this intermediate development I place the approxi- 
mate line, and then draw all the courses square to it." 

'* Having explained the mode of setting out the beds of the 
stones, a little may now be said on the situation of the cross 
joints ; byhese will be understood the joints between the various 
stones constituting a complete course." 

" My first idea was to commence by working the soffit, and 

I this was the mode employed," 
" Having obtained an elastic mould cut to the angle at which 
the joints of the soffit cross the axis of the bridge, the work- 
man by means of this gets an oblique line on that surface of the 
stone which he intends for the soffit." " This oblique line thus 
obtained will be parallel to the axis of the bridge. The work- 
man then proceeds to chisel out a groove (or what is by masons 
called the chisel draught) along this line, of sufficient depth for 
what he knows will be required for the hollowing of the stone." 

" He then takes two wooden moulds," " which are portions 
of the same circle as the soffit itself. A mark being placed up- 



on the centre of each of these moulds, the workman then 



pro- 



ceeds to sink them into the stones at right angles to the chisel 
draught;" "and, in such a manner, that the centre marks shall be 
in the chisel draught, and the upper edges of the moulds, which 
are straight, shall be in the same plane, or what is commonly 
called out of winding. It will now be obvious that these last 
two grooves will form true portions of the soffit itself, and, there- 
fore, that the workman has nothing to do but to work out the 
remainder of the stone with a straight edge always kept parallel 
with the first draught, and sunk to the bottom of the two 
draughts which were worked by the curved moulds. Having 
obtained the hollowed surface, an elastic mould of the exact size 
of the soffit of each stone is pressed into it, by which the stone 
being marked, we obtain all the lines of the soffit itself." 

" It will now be quite evident that the beds may be obtained 
by making use of a square, one limb of which shall be made to 

e curvature of the soffit, and the other the radius of this curve ; 
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always taking care that this square is kept at right-angles to the 

All this, so far, is in effect the same as the rules given by r. 
in my Treatise on Masonry. 

" The first few stones were wrought in this manner ; but, I 
ing it very difficult to prevent the workman from getting his 
soffit a little on one side, by which means he wasted much of the 
stone on one bed, and rendered the other deficient,* I had 
recourse to a method which I shall describe. Having provided 
two straight edges, the one parallel, and the other containing 
the angle of the twist, we proceeded to work one of the beds by 
chiselling two draughts along the stone, so that these straight 
edges being kept at a proper distance from each other, were li 
into the stone until they were out of winding on their uppt 
edges." 

" Having finished one bed by straight edges, we then obtained 
the soffits and other beds by means of the square before men- 
tioned." 

Thus, in forming the arch stones, Mr. Fox gives two methods : 
the first is to work the intrados, or soffit, by the same templets, 
antl then the beds to the twist by the same instrument, as pre 
viously shown in my Treatise on Stone-cutting. 

In the second method, which he prefers, he reverses the 
process by working one bed to the twist by two straight edges, 
and then the soffit is formed to the curved surface of the 
cylinder, by the same imperfect instrument which was used 
in the first case for working the beds. The principle of the 
first method is correct; the second method supposes that the 
beds can be wrought with a straight edge to the angle of 
the twist, independent of previously forming the cylindric 
surface of the intrados ; but this supposition is not correct ; 
for the only direction in which a straight line passing 
through any given point in the spiral surface of the bed is in a 
straight line perpendicular to the axis of the cylinder ; but if the 
spiral surface be cut by a plane perpendicular to a straight line 
passing through any point in that surface perpendicularly to the 
axis, thesectionwiil be very nearly in a straight line, and, practically 
considered, the spiral bed may be formed to the twist by straight 
lines nearly perpendicular to each other : in this respect, how- 

• The reason of this uncertainty ii 
nut Wiiii; made to pass through the centre of the face of the s 
for the soffit ; if this is not tiie case t the soffit will be wrought n 
side than the other, anJ therefore to work one of the beds, s 
will often be wasted as to render the other deficient, if the sto 
ii' iently thick. 
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ON THE 

HISTORY AND THEORY 

OBLIQUE BRIDGES. 



The rapid increase of the commerce and manufactures of this 
country having of late years demanded increased facilities of com- 
munication, the demand has been met in the first instance by the 
construction of canals, and more recently by the introduction of 
railways, and the application of steam power to the purposes of 
locomotion. 

But as it is always the result of human inventions to make fur- 
ther demands upon human ingenuity, the formation of canals 
and railways has opened a field previously unknown to the ge- 
nius of our engineers, and afforded them splendid opportunities 
for the exercise of their talents in overcoming the obstacles 
which are presented by nature to the execution of these great 
public undertakings. 

The graceful undulations of the country, while they constitute 
the greatest charm of the landscape, and offer the most delightful 
picture to the lover of nature, present the most serious difficul- 
ties to the operations of art, and tax to the uttermost the pro- 
fessional skill of the architect and engineer, to preserve the level 
line which the construction of these works imperiously requires. 

It is to these difficulties, therefore, that we owe the stupen- 
dous monuments of human intellect which are scattered over 
the face of the country ; the tunnels, bridges, aqueducts, and 
embankments which excite our admiration at the genius by 
which they were projected, and the industry by which they were 
trrit'd into execution, and thus we are indebted to the very cir- 



cumstances wliicli threaten to render works of this description 
totally impracticable, for the objects which lend these works 
their chief attraction to the scientific mind. 

There is perhaps none of these contrivances in which the ap- 
plication of science to the common affairs of life is better exem- 
plified than in that which forms the subject of this treatise. 

The oblique arch is an invention of comparatively recent date, 
and until the general adoption of railways, and the dev elopement of 
the powers of the locomotive engine, was comparatively of little 
consequence, but the immense speed of travelling attained 
by these means rendering It urgent to preserve the most di- 
rect line, and thus precluding to a great extent the employ- 
ment of bridges on the common plan, has caused the general 
adoption of oblique bridges on all the lines of railway now in 
progress and made it a matter of importance that the theory of 
their construction should be fully understood. 

The late eminent engineer, William Chapman, a native of 
Newcastle on Tyne, seems entitled to the honour of originating 
the idea of oblique bridges in their present form ; but although 
fully aware of the difficulty of constructing them, he does not 
appear to have laid down any sound principle by which it might 
be done. 

In an article in lie?*' Cyclopedia, title " Oblique Arch," which 
appears to be the first notice on record of the employment of the 
oblique arch, properly so called, he explains the substitutes for ob- 
lique bridges then in use, and the circumstances which led to their 
introduction, as follows : — 

" Wherever high roads run oblique to the course of any river, 
rivulet, drain or canal, necessary to be passed over by a bridge, 
the direction of the former is generally varied so as to be rect- 
angular to the course of the latter unless in small streams, over 
which, when their course is not made to suit the road, there are 
several instances of the construction of what are termed Skew 
Bridges. 

" These, with the exceptions winch will he afterwards men- 
tioned, have been built in the usual manner of laying each course 
of stones or bricks of the arch parallel to the line of the abut- 
ment and beveling off their ends on each exterior face of the 
arch in a line correspondent with the intended direction of tlm 
road over the bridge." 

After pointing out the insecurity of this mode of building ob- 
lique bridges, he proceeds — 

"These circumstances have prevented cautious builders from 
adopting this method, and induced them, in a few instances, to 
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build the arch square to its abutments and run the parapets ob- 
lique to coincide with the line of road ; leaving alternate tri- 
angles of the arch on the outside which has a disagreeable ap- 
pearance, and has seldom been used ; therefore, in general, unless 
the courses of streams and canals were made rectangular to the 
road, the line of the latter has been altered so as to admit of a 
direct passage over the water, which upon high roads when not 
curved to a considerable distance, is inconvenient if not danger- 
ous; and particularly so to travellers in the nighttime; from 
which cause the skew bridges described were with all their im- 
perfections, occasionally had recourse to ; and the writer of this 
article has never heard of any alteration in the form prior to the 
year 1787. At this time he had the direction of the County of 
KiJdare Canal, a branch from the Grand Canal of Ireland, to 
the town of Naas." 

" In the course of conducting the work, several of the directors 
of that canal were anxious to have the line of the roads unvaried ; 
therefore our author was led to consider whether the usual im- 
perfect method could not be set aside by the substitution of one 
sound principles ; and it then occurred that its leading fea- 
ture must be, that the joints of the voissoirs whether of brick or 
stone, should lie rectangular with the face of the oblique arch 
place of parallel with its abutments, and consequently the 

bilges over the county of Kildare canal were made to suit the 
of road, although the obliquity of one of them was carried 

an extent beyond what he deemed eligible in practice, as will 
appear from the observations made on Finlay Bridge, near the 
town of Naas, which deviated 51" from a rectangle with the m- 
nal, and consequently formed the acute angle of 39" with *ts 
abutments. Its span in that direction was 25 feet, and its pitch 
5 feet 6 inches, or nearly 2-9ths of its span. n1 

After further discussing the subject, Mr. Chapman comes to 
the following conclusion respecting the construction of oblique 
arches on an improved plan : — 

" 7'he impost course must be serrated," " and as the lines-in 
which the beds of the voissoirs run are obviously spiral lines, 
it follows that the soffit of each stone must be curced in that 
direction, and likewise it must be twisted in its sommering, 
which although not insuperable difficulties, arc so in such a de- 
gree as combined with the indented form of the impost, render 
it advisable to use brick both for the impost and arch, or at 
most to be contented with the use of stone only for the quoins and 
their necessary imposts, in the forming of which intelligent stone 
cutters will be requisite." " It is apparent that the head of each 
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by my rule they are necessarily curves (see fig. 5, of the plate 
illustrating my paper)." 

It may here be remarked, that Mr. Fox has shown no princi- 
pies from which it may be inferred that the bed-joints in the face 
are necessarily curves. This conclusion has only been drawn 
by trying the beds in various directions with a straight-edge, in 
the execution of the work. 

It is very true, that in my Treatise on Stone-cutting, as 
well as in the present work, the bed-joints in the face of the 
arch are all represented by straight lines; for if tbey had been 
( curves, the curvature would have been so small that the joint 
lines would not have sensibly varied from straight lines. \ The 
true curvature of the joints could not, therefore, have been ex- 
hibited in lines, but may be explained in the following manner: 
— In the bed-joints of the elevation of an oblique arch, the cur- 
vature is continually varying upon each side of the arch from 
the springing, where it is the greatest, to the crown, where it 
changes into a straight line, and in the elevation the curvature 
of the bed-line joints are all concave towards the axis minor of 
the ellipse, which is the section of the cylinder forming the ele- 
vation, and the joint-lines are not perpendicular to the curve, but 
incline nearer to the summit of the arch, in a contrary direction 
to what plane joints would have done ; for, in a semi-eylindric 
intrados, the bed-joints, in the face of the arch constructed with 
plane joints, would have radiated to the centre of the semi-ellipse. 

What Mr. Fox has said about the oblique arch is a mere 
outline of the most evident principles, and with regard to ex- 
plaining difficulties, he has done nothing. He is quite silent as 
to any method of forming the heading joints, and his method of 
working the soffit is very liable to error. One of the most diffi- 
cult things to accomplish in the working of the stones of an 
oblique arch is, to form those in the face with such accuracy that 
they shall not want paring after being set; of this difficulty he 
has not even given a hint that any thing of the kind is required. 

The next writer upon the oblique arch is a Mr. Hart. Hia 
treatise is dated 1837, and commences thus : — 

" In laying the following treatise before the public, I llattcr 
myself that I have thrown some light on a subject hitherto ap- 
parently but little understood ; my principal aim throughout has 
been to simplify the construction of oblique arches as much us 
possible, which I trust will he seen upon an examination of the 
plates, and their definitions. I have been more anxious to ex- 
plain them in language suited to the capacities of men engaged 
in the execution of them, than to embellish the work with scien- 
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tine terms (which, with many, would require more learning 
than a knowledge of the work itself), thus rendering it what it 
professes to be, a useful reference for practical men ; — my own 
experience in the superintendence of work and workmen, having 
placed before me the necessity of adapting the explanations of 
drawings to the understandings of those engaged in their execu- 
tion ; for much of the value and beauty of a design depends up- 
on the workmen being acquainted with the principles of the con- 
struction upon which they are engaged. 

" If, therefore, this treatise assists in conveying the draughts- 
man's intentions to the workman's understanding, it will answer 
the intended purpose; for I have no doubt, that the draughts- 
man will derive some information, as well as the mason and brick- 
layers, it having been my principal object throughout the ar- 
rangement of the plates to make it serviceable to all interested." 

" Plate I is the drawing of a skew arch, being the segment 
of a circle on the face, and built with spiral courses according 
to the principles laid down in the Plate 3." 

It would be useless to follow this author entirely through the 
description of the first plate, which occupies ten pages : the 
want of identifying his drawings with the objects which they 
represent, and the obscure manner in which lie treats the sub- 
ject, makes it difficult to understand his explanations. The 
parts of an object can only be conceived by inspecting the Plate. 
It will be sufficient for the purpose to quote some of the most 
intelligible parts of his explanation, and to show the results to 
which his ideas lead. After having formed the outline of the 
development of the intrados, he makes a mould to the undu- 
lated curve, which is the development of the circular arc, or 
the section of the cylindric surface, and the plane of the face of 
the arch. This curve, from his method of construction, is ne- 
cessarily divided into equal parts in number equal to that of the 
arch stones, and by a mould made to this curve he draws the 
development of the ellipse in the' rear elevation ; on this he 
makes the following observations in a note at the bottom of the 
page. 

" By dividing the .development on the spiral lines, the stones 
on the elevation of the arch will be equal, but the soffit course 
will not be parallel. If, on the other hand, it is divided on the 
straight line bj, the soffit course will be parallel, but the face ol 
the arch stones will mo? be equal." 

The statement here made does not correspond with tiie dia- 
grams shown on the plate. I should apprehend his meaning to 
be as follows : — 



By dividing tlie undulated curves into equal parts, the thic 
ness of the atones in the elevation of the arch will be equal 
but the thickness of any course of stones in the spiral direction 
will not be equal. If, on the other hand, the straight lines which 
join the ends of these curves be divided into equal parts, the 
thickness of the spiral courses will be equal, but that of tin: 
arch stones in the elevation unequal. 

" The next thing required is to determine the direction of 
bed-joints or spiral courses, and perhaps the best way is to 
them out as nearly square from the face of the arch as the con- 
struction will admit of, that is as the joint on the spiral line c 
n p will allow ; therefore if from the point b a line he drawn per- 
pendicular to b mj as b «, and if z does not fall in one of the di- 
visions on the spiral line cnp, it must be drawn to the one it is 
nearest to, preferring, should it come near the middle of a course, 
to keep it nearest the springing at c." 

In this as well as in the preceding statement, the undulated 
curve in the development of the intrados is called a spiral line, 
which is a term improperly used by Mr. Fox, from whose pa- 
per it has been taken. 

In an oblique arch, executed according to Hart's principles, cut 
by a plane parallel to the plane of either of the two elevations, 
the section would exhibit the joint lines of the stones radiating 
to the centre of the circular arc which is the section of the cylin- 
dric surface, or intrados ; but the angles which the joint lines 
make with the axis continually vary from an obtuse angle on the 
one side, and from an acute angle on the other, to a right angle 
at the summit. 

The projections of the spiral lines which he exhibits on the 
plan are not drawn through the opposite angles of rectangles 
but through the opposite angles of oblique angled parallelograms ; 
two sides of each being parallel to the springing, and the other 
two parallel to the lines on the plan which are the projections of 
the two faces of the arc. Tliese lines are the projections of the 
spiral lines, made by the edges of the beds on the intrados : but 
the projections of the joint lines made by the ends of the arch 
stones in any spiral course are all parallel to the lines on the 
plan which represent the two elevations, and the projections of 
each spiral course is divided into twice as many equal parts as the 
number of stones in a course- 
Hart, in following out his principle, makes all the sections of 
the cylinder, which are parallel to the planes of elevation, equal 
and similar arcs of circles, the sections of the cylinder which are 
perpendicular to the axis are, therefore, portions of ellipst 



; 



The consequence of this is, that no two stones can be formed 
alike, or brought to shape by the same moulds. Ad oblique arch, 
constructed upon this principle, will not only be deficient in 
strength, but, from the labour which it would require, would be 
very expensive. 

Mr. G. W. Buck has just published (July, 1839,) his Essay 
on the Theory and Practice of Oblique Bridges. Tins essay 
is not explained by geometrical constructions, as hitherto done 
in practical works, but by trigonometrical formula ; the neces- 
sary angles and lengths are, therefore, principally determined by 
the aid of calculation. The reader will form some idea of the 
nature of this publication, from the following extract. He 
says — 

" In carrying this plan out, some mathematical formula; have 
necessarily been introduced ; tliey are extremely simple, and the 
application of them is given in two examples, worked out at 
length, which must be amply sufficient for all such as are likely 
to use this little work. It was not designed for the uneducated 
workman : the subject cannot be reduced to his level and pro- 
perly treated at the same time. It is written for the use of 
engineers and architects generally, but principally for those who 
have the immediate superintendence of public works, and who, 
being young men, it is to be hoped will not complain of its being 
too mathematical." — End of Introdzwtion. 

He concludes his work by the following observations : — 

" That many oblique arches are erected which have an ellip- 
tical direct section, we are well aware, but consider them defi- 
cient in stability, much more difficult to execute, and, conse- 
quently, more expensive, especially in masonry ; and as far as 
we have been able to investigate the subject, they do not admit 
of the application of simple formulae, similar to those we have 
established for oblique cylindrical arches. We do not think any 
combination of circumstances likely to arise in which it would 
be imperative on the engineer to erect an oblique elliptical arch, 
and for these reasons have rejected them altogether; neverthe- 
less, we shall feel much gratified if any one would take up the 
investigation of that subject and convince us of our error, if it 
be one." 

In a note at the bottom of page hi. (Introduction), he says, — * 
" This work was announced for publication about three years 
back, the author being then urged to do so, but it was after- 
wards postponed in consequence of finding that his knowledge 
of the subject was daily increasing by the experience afforded in 
he construction of a variety of bridges. Since that period the 
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whole has been remodelled, and the results of subsequent expe- 
rience and investigation added thereto ; and he would hi 
gretted if the work hurt appeared earlier." 

Mr. Buck's Essay on the Oblique Arch (as far as we had lei- 
sure to examine it), and the present work, have, apparently, been 
conducted upon the same common principles. Nicholson's Trea- 
tise on the Oblique Arch was published in three parts, two of 
which appeared before Mr. Buck's Essay, part 1 in January, 
and part % in May following, as appears by an advertisement 
in the Newcastle Chronicle, May &, 1839. 

The formula C 0=(r+e) cot. * tan. $, is due to Mr. Buck.— 
It gives the distance below the centre to the point of convergence, 
into which all the joints in the elevation of the arch meet in the 
axis minor, supposing that the joints are straight lines, which 
they are not exactly ; having given the angle of obhquity=<, 
and the angle in which the bed lines cross the axis of the cyliu- 
der=S, or the angle which a bed line makes with the adjacent 
springing line. In this formula also r is the radius of the cylin- 
der, r+e the radius of the extrados, e being the breadth of the 
bed, or thickness of the arch. 

He says (page 7) that the expression C 0=(r+e) cot I 
#, included among some others, " are general, that is they are 
applicable to segments as well as to the semi-circles ;" but ' 

page9he gives (r-\-e)=C "the eccentricity or focal 

distance below the axis of the cylinder in the oblique segment.' 

One thing which we consider as defective in Buck's Essay on 
Oblique Arches is, that his intentions are not enunciated under 
regular heads, so as to call the attention of the reader, he gives 
no reason for his rules, nor does he show the principles upon 
which his formulas depend. The height of the point O figure 
7, will depend upon the breadth of the beds. 









OF DESCRIBING TUB OBLIQUE J 



A PRACTICAL METHOD 

CONSTRUCTING AS MUCH OF THE DEV ELOPEMENT OF 

THE OBLIQUE ARCH 

TO THE FULL SIZE, 
WILL BE FOUND SUFFICENT FOR MAKING TUB TEMPLETS, FOR TUB U 



lie straight line C(Fig. 1), and in O C take any point E. 
i perpendicular to O C, and make E B equal ti "' 



Draw the s 
Draw E A perpendicular to O C, and make E B equal to the height of 
the arch. Prolong B E to /.and make B /equal to the radius of the 
cylinder. With the radius IB describe the are B C, and perpendi- 
cular to E C draw C F. Make C F equal to the distance of obliquity, 
and join E F. Ma«e E O equal to the length of the arc B C, and divide 
the arc B C, and the straight line O E each into the same number of 
equal parts at the points 1, 2, 3, &c. From the points 1, 2, 3, &c., in 
the arc A C draw 1 a', 2 b', 3 c', &c, meeting E C in a', b', e', &c, in 
tersecting E Fin a, b, c, &c. ; and from the points 1, 2, 3, &c, in the 
straight line E draw 1 «, 2 0, 3 y, &c. Make 1 *, 2 0, 3 y , Ac, 
respectively equal to a' a, ti b, c c, &c, and from O through the paints 
*, S, y, &c-, draw the curve O « v A which will be half of the de- 
velopement of the intradural line. Join A O, and A is half the 
line of the subtengc. 

The construction of figure 1 will become evident by comparing it 
with figure A, which shows the development of the intradosal line 
to the full extent. Figure A is a part of the construction of plate 2+, 
of which see the explanation, page 10. The curve line O « y A, 
figure 1 is identical to the curve line o a, y A, figure A, and in figure 
A the part o</3y E is identical to the part o a y A, and both parts 
make the entire developement of the intradosal line. 

Parallel to E C in any convenient place, draw the straight line a e 
(Fig. 2) of any convenient length and upon «eas a chord with the ra- 
dius of the cylinder, describe the arcae e. Draw uf, e m perpendicular 
to a e, and draw ej perpendicular to A O. Bisect a e in 2, and draw 2-2 
parallel to e m, meeting e/in 2 intersecting the arcace in c. From 
the point 2 ine/draw 2 A perpendicular to ef, and make 2 h equal to 
2 c. Through" the three points e,h,f, describe the arc ehf. Draw 
fm perpendicular to ef, and prolong 2-2 to meet/m in 2. Draw 
2 k perpendicular to/m; make 2 A equal to 2 c, and through the three 
points/, A, m, describe the arc /Am. 

In any convenient place parallel iaOE draw x 3 (Fig. S), and in 
x * make x y equal to half the radius of the cylinder. Draw y w per- 
pendicular to A O (Fig. 1), and draw x w perpendicular to O E. 
Make y z equal to half the breadth of the beds ; join v> s, and ywz 
i the angle of the twist. 



ANOTHER METHOD OF FORMING THE ARCIi-STONES. 

f developementjiff. 1, and the templets No. 1, No. 2, and No. S.jig- 
2, being constructed as explained in the last problem, 
p q r s be the developement of tlie soffit ol' one of the stones 
Find the centre o by drawing the two diagonals q s, r p. Through o 
draw t u parallel to A G, meetings q in t, and s r in u, and t u is a 
line parallel to the axis of the cylinder. Let P Q R S(Fig. 3) re- 
present that face of the stone which is to be the soffit. With a straight 
edge No. 4, cut a chisel draught T U through the centre of this face 
making the angle P T Coequal or nearly equal to the angle p t u, 
which the bed lines make with the ax is of the cylinder, so that the 
bottom of the chisel draught may be parallel to the face of the stone, 
and of sufficient depth lo allow for forming the concave surface of the 
cylinder to the full extent. Make two templets a be, a be, No. 5, 
No. 6, equal portions of the arc ABC. and let the points b, 6 be the 
middle points of the circular edges. Perpendicular to T U draw T V, 
U IV. Cut two chisel draughts under T V, U W, in such a manner 
that when the circular edges of the two templets No. 5 and No. 6, 
are applied upon each of these draughts, and the middle points b, b upon 
Tnnd U, and if the straight edges a c, a c are out of winding, and 
parallel to the surface of the stone, and if the bottoms of the draughts 
are sunk to the depth of the straight draught, and if ihe circular edges 
of the templets coincide with the bottoms of the two draughts, the 
bottoms of these two draughts shall be portions of the cylindric surface 
or of the surface of the soffit to be formed. By means of the curved 
edge e ihgfof the templet No. 1, run two draughts along each mar- 
gin of the stone adjacent to the bed lines to the same depth as the 
bottoms of the straight and circular draughts ; and by the templet No. 
2, run two draughts along the ends adjacent to the joint lines to the 
same depth as the other two. The superfluous stone between the 
draughts being cut away will form the cylindric surface of the soffit. 

Having made a limber mould* to the developement^ qr s, and hav- 
ing drawn the line t « upon this mould, press the mould upon the con- 
cave surface thus formed for the soffit, so that all the points may be in 
contact with the cylindric surface, and that the line t u upon the 
mould may fall upon T U on the cylindric surface of the stone. In 
this state draw four lines round the four edges of this mould 
upon the concave surface of the stone. The two longest of these lines 
will be the bed lines, and the two shortest the joint lines. The beds 
of the stone are formed by means of the arch square No. 3, by apply- 
ing the circular edge to the soffit. The other arch square for forming 
the joints is not exhibited. 

The reason of the construction and application of these moulds ex- 
plained as above, as also in Problem V., page 8, will he made more cvi- 
1 by examining the explanation to Problem VII., page 12. 

• Zinc is well adapted to this purpose. 
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A second example with a different method of finding the developement 
of the cure, irhirli if the intersection of the intrudes and the plane of 
the face of the arch, as also the method of finding the position of the 
bed lines, so that the arch stones may be equally thick. 
Let A H Q G be tlie plan of the arch, AH, G Q being the repre- 
sentation of the faces, and let the arc ..4 2? C be the right section, 
A C the chord being perpendicular to A G. Divide the arc A B C 
into two equal parts at B, am! draw B J perpendicular to A C, meet- 
ing A Bin J. Through ydraw d .ff parallel to C .4 meeting 7/ Q 
in K. Prolong G A to meet d K in L, and make L d equal to the 
length of the arc ABC. Through ddraw EF parallel to A G. 
Make d E equal to KB, and E F equal to AG. Join A E, and 
draw G F parallel to A E. Divide the arc B C into any number of 
equal parts as here into four, and through the points 1, 2, 3 &c., draw 
lines parallel to B J, meeting J H at a',b',c',&c., and intersecting 
J K at a, b, e, fyc. Bisect Ld in o. Divide oL,odeacii into the 
same number of equal parts into which the arc B Ch divided, viz., 
each into four at 1, 2, 3, &c. Draw 1 a, 2 0, 3 v , &c, on each side of 
the middle point o, and make 1 a, 2 p, 3 y, &c, respectively equal to 
aa',b b',cd, &c. From the point o and through the points <*, P,y t Sic. 
on each side of it draw the curves oaS y...A,oa0 Y ...E, and the 
whole curve A E is the developement of the cylindrie surface and the 
plane of the liice of the arch. Draw the curve line G Fso as to be 
Identical to the curve line A E. Divide the straight line EA into 
as many equal parts as there are ring stones in the face of the arch 
as here into nine, and let s, a be respectively the fourth and fifth points 
of division from E. Draw Fv perpendicular to A ^meeting it in v, 
and as the point v falls between the fourth anil fifth points, but nearer 
to the fifth m than to the fourth s, therefore join F u. Divide each spring- 
ing line li F,AG, therefore, into five equal parts, viz., E Fat the points 
A, P, B T, and A G at O, Q, S, U, and join N O, P Q, R S, T V. 
Through the points N, P, B r T, draw lines parallel to F u to meet the 
curve line E A ; through the points O, Q, S, U, draw lines also pa- 
rallel to F u to meet the curve line G F, and through the interme- 
diate points of division in u A still parallel to F a, draw lines to meet 
the curves A E, G F ; then F u and all the lines parallel to F u are 
the developements of the bed lines, and tiie alternate portions of the 
lines N 0, F Q, &c, are the developements of the joint lines. 

The templets No. 1, No. % No. 3, might have been drawn as before 
explained, or having drawn a e, effm and the arc a c e as in l J rob. 
V.; bisect the straight lines ae,ef,fm ; through the point of bisec- 
tion in a e draw an ordinate, and from the points of bisection in the 
straight lines e f, f m, draw perpendiculars to the lines ; make the 
height of each of" these perpendiculars equal to the ordinate upon 2 a 
(then by Prob. VII., page x, Introduction) through the three points 
e, h,f describe the arc e kf, and through the three points/, k, m. 
describe the arc fk tn. These arcs do not practically differ from the 
curves found in Prob. V., which curves are portions of ellipses. 



ON THE OBLIliUE ARCH WITH S 
PROBLEM VI. 

To form the springers of an oblique arch. 

Let Q A B (Fig. I) be half the right section of tlie arcli as shown 
in plate 24, A Q being a section of the face of the abutment, 
AS the section of half the intrados, cd A epj a section of one of the 
springers, the springers being set upon a level bed, generally six 
inches below the springing line of the soffit or intrados. The bed line 
upon which they are placed is represented in section by ed. Figure 
2 represents the inside face of the abutment as supporting the springers, 
fg hik exhibits the concave face of one of the springers correspond- 
ing to F G HIK (fig. 3),fg i A being the part which is in the same 
plane with the face of the abutment, and the triangular surface gh i 
part of the soffit or intrados, each being one-fourth part of the deve- 
lopement of one of the stones exhibited in plate 24, where the 
springers are also exhibited upon the springing lines A G, E F. 

The concave surface g A i rvill be ascertained by the crooked temp- 
let c d A e of which c d is a section of the bed, d A a section of the 
plane surface of the face of the plane part of the springer, and A e 
a portion of the right section of the intrados This templet is used 
by applying the straight edge coupon, the bed marked/A (Fg. 2) 
which, from the nature of orthographical projection cannot be seen 
as a surface, but as a line only ; this will easily he understood by the 
workman. While applying the straight edge cd of the templet upon 
the bed, the straight part dA must be applied upon the narrow face 
fg ik, and the convex edge A e upon tlie concave surface g hi which 
being formed, the bed line h i, and the joint line It g must be drawn 
by bending a limber mould made to the triangle G /I I (fig. 3) which 
is half the dcvelopement of half of one of the stones exhibited in plate 
21. 

The triangular soffit ot the springers being thus formed; we now 
proceed with the upper bed as represented by the quadrilateral figure 
Amni (rig. 2), and the end or abutting joint by the figure g A ml. 

We may now suppose that the templets have been constructed as 
in plate 24, and that the arch square No. 3 is that for working the 
beds when the soffit is given or finished or for working the soffits when 
the beds are given or finished. Then if the bed A m n i be so formed 
that while applying the arch square No. 3, so that the point r between 
the curved and straight edges may be upon the line A i, the 
curved edge v t upon the soffit, and the straight edge rs upon the 
upper bed, and the plane containing the two branches perpendicular 
o the bed line A i, and if the straight edge coincide with the surface 
' ; upper bed will be formed as required, 



IS ON THE OBLIQUE ARCH WIT" SPIRAL JOINTS. [PLI 

FROm.EM VII. 
Having the projection or plan of a stone to explain the. nature of the 

eylindric surface oj the intrados, the properties of the spiral surfaces 

of the beds and joints. 

Let OP Q fl(Fig. 1) be the developement of the intrados or sof- 
fit of a stone, op q r « ( u p the entire projection of the stone, o p q r 
representing tlie intrados, uv * t the extrados, q r s t the upper bed, 
p a v u the lower bed, p q t u the end of the stone which forms one 
side of the joint, the other side being formed by the end of the ad- 
jacent stone which must be supposed to be previously set, and r o v s 
the side of the joint against which the end of the next stone is to 
come. Also let No. 1, No. 2, No. 3, No. 4 (Fig. 2) be the templets 
for working the stone, found as explained in (Pob, V page 7), and the 
angle of the twist ¥ W Z, found as explained (at the top of page 8) ; 
observing that if there is a want of room, the operation may be con- 
densed so as to occupy less space, by using equal portions of the ra- 
dius, and the breadth of the beds, as here by making x y half the ra- 
dius, and .'/ z half the breadth of the bed ; then the angle y w z shall 
be equal to the angle Y W Z. The templet No. 5 is a straight edge 
of equal breadth, and No. 6 a straight edye with tapering edges in- 
clined to each other making an angle equal to the angle of the twist. 

With regard to the curvature of the ditf'erent faces of the stone all 
the sections of the intrados represented by op q r made by planes 
through the axis of the cylinder are straight lines, and all the sections 
made by planes perpendicular to the said axis, arc equal ares having 
the same radius as that of the cylinder or that of the right section. In 
every other direction the section made by a plane parsing through a 
straight line perpendicular to the axis is a concave curve or a portion 
of an ellipse at the extremity of the semi axis minor, which is equal to 
the radius of the cylinder. The templet, or convex rule No. 1, 
shall coincide with the convex surface opqr along the marginal 
or bed lines op, r q, and in every direction between and parallel 
to these lines, and the templet or convex rule No. 2 shall coincide with 
the marginal lines p q, o r, and with all lines parallel to/? q, o r. 

In the side q r s t which is the representation of the upper bed of 
the stone, there can be no sections of the surface made by a plane 
that arc absolutely straight lines, excepting those in which the cut- 
ting planes are perpendicular to the axis, as the lines q t, r s, the bed 
lines r q, s t are very nearly straight being curves of contrary flexure, 
the radius of curvature in the middle being infinitely great; therefore 
the tangent will very nearly coincide with the curve (see the sec- 
tions Fig. 1 plate 9, and explanation page xxii Introduction). It is 
upon this principle, however, that the stone cutter is enabled to 
work the bed independent of the soffit: as the bed of the stone is 
not only straight in lines perpendicular to the axis, but also nearly 
straight in lines made by the sections of planes which arc parallel 
to the axis, so that practically speaking, two straight lines may be 
drawn through any given point in the spiral bed perpendicular to 
each other, the one being perpendicular to the axis. 
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Because tlie arcli under consideration is right handed, the two 
lines t q,rs, being considered as in the same plane, it will require an 
angle to be made with a straight line s t at the point s equal to the 
angle ¥ W Z, or y \cz, in order to raise the line s t to the plane 
s t q, or the point ( as much as the broader end of the tapering straight 
edge No. 6 exceeds the narrower end ; therefore if the spiral bed be 
cut by a plane parallel to a plane between the lines t s,r q, the sec- 
tion of the surface shall be convex, and if cut by a plane parallel to a 
plane between the lines q r, q t, the section shall be concave ; hence 
a section of the bed made by a plane passing through any point in the 
bed line r q parallel to the sectional line E C of the face of the arch 
shall be concave. It is on this account that the joints between the 
ring stones of the (ace of an oblique arch are concave to the axis 

1 minor of the ellipse. 

The arch square v q r s No. 3 is applied to every point of the arris 
q as shown to work the soffit of the stone when the bed is pre- 
iously wrought, or the bed of the stone when the soffit is wrought, 
id the arch square tn op No. 4 is applied to work the ends of the 
stone as shown, the sollit and the beds being wrought, the two limbs 
of each arch square being in a plane perpendicular to the arris. 



12f 71 



3 1TT3 Jf 



27. 



-^L»HL 



^£ * C. soil let the 




anoi za 3ns enspBi ir ^r 

ai ,£ ^ 

^*£* 

3Mennac 3ns arauprr inc JL * a /. J 
eipaL i 'mf in- enirn n *ne jt: r 
" ai 2F iT ant r i nemencirjiar :xx 



) jnnai 

iAai^e JG 
jr parallel 

&Faantfsefcr- 

inegafiadK-tBiiA 

~*£>^4, niaaateirf 

rtentft aT Abt cf pn- 

efiaaL Dnv 

I [mjz -takea> 



? --. 



4 s penemncuuir .u jl _• ntsnxn^ — -?"»■- ^ ^. ^ ^ 

eixuni 3j # %. jdiz inn /. 7-^nzn^: ilm smi FE'xi L Dfccaar c /per- 
pemficuiarai 5"-* jnu inn / • Zi^uis iie stai^iaclne JIMl hxmwmwmBj 
**runi mts a* ^iers its ~mc suucs sipMK3UMLmiBiBiKe£«ide.4 E 
tnoi aunt anon :iar&. rrasr 5" i wale oi : /.. aai jk* the point JT 
anl aptm jik it :ae wines a ursaa sunmsunc aaac f f coaaaaas five 
jt £* sine eizuni norrs . riersur* **r* jo munsac Jt^.£F wnl Bare 
£«* ^cimKR. Plains _£ .-. 5" J" -nix ooi iw anna 7«s» «vl -J G 
ac d*e pwncs 0* y» 5. C mu £T 5" n: ran Mints JCP- JL 71 Through 
tie pcincj JL 'X V- >. l~ insw imss xnlei ar KJFv* mil the 
turns jae G f . 3xrzu^t rre tcuxcs Jt -P. JEL 71 irav lines also 
parallel ca X" F rj m-ec ziie rar-^f im* A £. *m£ aromda the points 
ec tSranm in .1 x inw im* # asiin TuraLis aXFa aaeet die curve 
true G F* mc fftf use jiL din lues ▼ouii jrs pmralet to f .Pare 
the de*i&cc«KffC$ «*c ue »I lm» jmi in* jxcrsfcass or snob of the 
arch- It ±je "iae* X t\ F \\. A X >* irwa okt w3 be parallel 
to SA : we wIL ju^cok rseat r* S* irswx. Kaecs t^e parts of these 

1 -*«— * each paiat of bisec- 
-« ad^aceat bed lines, 



•- ?« r . recrs 



rr« 



tioo drav/ a Ua* 

~ y-nrliii|nrini 



in 



stones are rectacir^^ 

Drav a € * Fi£ ^ * par^l^l :: Jf; v:u: x t ss a chord and with 
/ A y the radius of the arvr A B C iescr^K :be in: ace. Draw a/ 
parallel to A G. an J < f roriLei r? AT/ 7 . Dn^/si parallel to / g, 
and draw e m parallel to A G. Bisect « r. */./ ■ each at the 



working the stones as before shown. 



PROBLEM IX. 

Tojind Ike curved bevels for cutting the quoin heads of an oblique 
arch. 

Let ABC(V\ S . 1) be the right section. Draw CE perpendi- 
cular to A C, and draw the straight line A E making the angle C AE 
equal to the complement of the angle of obliquity. Find the oblique 
section A D E of the cylinder (as in Prob. XIV?, page xvii Introduc- 
tion), and the curve A D E is the common section of the concave 
cylindric surface and the plane of the face of the arch. Divide the 
arc ABC into as many equal parts as the ring stones are in number, 
and through the points of division draw b h, c i, dj, &c, perpendi- 
cular to the curve line A D E. 

Parallel to the chord line A E draw the straight line G X (Fig. 2) 
the points G, L being taken at any convenient distance from each 
other. Make the angle G L M equal to the acute angle C E A which 
the axis of the cylinder make with the sectional line, or chord. 
Draw G H,G I, G J, Ac, respectively parallel to b h, c i, dj, &c. 
™ I) ; draw L H, L I, L J, Sec., respectively perpendicular to 
G I, G J, See., and the lines L H, L I, L J, &c, will be re- 
spectively parallel to tangents to the curve A D E at the points 
\ e ,a\&.(Fig. 1.) 

In GLmakeGa,Gl>,Gc,&;c., respectively equal to G H,G I,GJ, 
(re, and join aM,bM,c M, &c. Then the angles G a M, G b M, 
G c 31, &c, shall be the acute angles which tangent planes to the 
curved surface of the cylinder make with the plane of the oblique face 
4 D E at the points i, e, d, &c. (see Prob. XXXVII., pagelii Intro- 
duction). 

Let Figure 3 be the curve of the bed lines (found as in No. 1 Prob. 
V., page 7). Then in each of the bevels No. 1, No. 2, No. 3, &c, the 
part FA tis identical to the half/ h (figure 3, the straight side R F 
of each of the bevels being parallel to G L (Fig. 2>, and the 
inner edges A q, h s, A u, &c., respectively parallel to a 31, b M, c M, 
&c. (Fig- 2). The curved edge A F applies upon tiie bed lines which 
are concave, and either of the straight edges of the parallel side serves 
" ir drawing a line across the bed, which, when the stone is set, shall 
s in the plane of the face of the arch. 

The bevels No. 1, No. 2, No. 3, &c, arc those which apply upon 
the bed lines where the soffit or intrados forms obtuse angles with the 
face of the arch, and the supplements of these bevels or angles apply 
upon the bed lines where the intrados forms acute angles with the 

; us now suppose that the arch stones are all set except those 
which are required to form the quoin beads, and that the stones which 
are to form the quoin heads have been wrought except the heads or 
Is which are to form the face of the arch. Then, in order to find 
v much is to be cut oli'each stone in every course in order to com- 

Blete that course ; measure the distance of the remaining part of each 
ed line upon the developement from the end of the last stone in that 
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Another method of forming the quoin heads derived from Ike prin- 
ciple of the spiral construction. 

Figure 1 exhibits the right section, as also the oblique section or 
elevation, together with the developement of the intrados; figure 2 
the developement of the extrados, and figure 3 the templet of the 
curvature of the bed lines. The oblique section is found as in Prob. 
XIV, page xvii, Introduction, and the two developements as in Prob. 
"', page 6. 

The lines in the oblique section which represent the joints in the 
beds, are found in the following manner. Let h s v r...I (Fig. 1) be 
the curve line which terminates one end of the developement of the 
intrados corresponding to the sectional line H I or J a' on the plan. 
Prolong C A to meet h F in D, and through the points s, v, r, &c., 
which are the ends of the developements of the bed tines draw s d, 
v d, r d, &c , parallel to h F intersecting the bed lines respectively in 
u, q, 1, &c. Let the developement of the first or shortest bed line 
s k meet h F in K. Then because s k, v u, r q, &c., are parallel and 
equi-distant, the parallel lines li k, s u, v q. &c, arc equal to one 
another. From C (Fig. 1) upon C H set ofr distances respectively 
equal to d s, d v, d r, &c. ; from the points of section in C H draw 
lines parallel to C A to meet the sectional line H I of the oblique 
face, and from the points of meeting draw lines perpendicular to H I 
meeting the lower curve I M H \r\ the points s, v, r, &c. In the de- 
velopement of the extrados (Fig. 2), the points 4, c,e, &c, are the 
ends of the bed lines which terminate in the curve. Perpendicular to 
a d draw h i, c i, e i, &c, meeting a d in i, i, i, &c. Upon c' J (Fig. 
I) from c' set off distances respectively equal to bi, ci, &c. (Fig. 2). 
From the points thus marked off, draw lines parallel to c' a or C A to 
meet the sectional line J a', and from the points of meeting draw lines 
perpendicular to J a' meeting the curve of the extrados in the points 
S', V, R', &c Join S' s, V v, R' r, &c, which are the representa- 
tion of the intersections of the beds in the oblique section of the arch.* 

Let Figure 4 be the representation of a portion of the end of the 
cylinder adjacent to one of the oblique faces which is represented by 
the curve H S V R...I, and which by "hypothesis is identical to the 
semi-ellipse Hsvr... /(Fig. 1). Let S K, V U, R Q. &c. (Fig. 4), 
represent portions of the first, second, third, Ac , of the spiral bed 
lines ; and let H K, S U, V Q, &c, be supposed to be drawn on the 
surface of the cylinder parallel to the axis, and let H Y, S T, V P, 
&c, be parallel to H I. Then the straight lines H K, S U, V Q, 
&c, are by hypothesis equal to h k, s u, v q, &c. (Fig 1), and are 
consequently equal to one another; moreover the angles A' H Y, 
V B T, Q V P, Sec, arc each equal to the angle of obliquity CHI 
(Fig- ')- 



• m i>j;« ;*.•:': ^:.r 5 r::E »Fn»»i jdift&. Tflate 29. 



V 



?Voioii£. > * Fir - u \ T^uvl?rtDp. &c-, and dnw s t, 
i. t i. &: . naraifci. tx ir J I^e: 5 * meet HJiny; and let H Y, 
I . T r x^ f^. m ik sunnassL u ne made nap e uti» dy equal to 



J7 i . * : . i i. Ai. Fi£. : .. am. is: 5 T. T T. £ P, Ac (Kg. 4) be 

uiiuvl :rit»i r« i\<-iviaissi*- > 3 . T J. i P. &&, are respectively 
i qua ii > j ' i - l. ii. Fxz I .. Withon: Teneffiian it any be re- 
.^;n*;h' t :na; r zjlt.i a'tin xnanpss represented by JT J7 Y, UST, 
C- ' T. a . Fu: ■= ti*t sia^» and the contained angle are given ; 
Uit*TVTiir£ ii cajj rtsneci'v: rrzanirtt the third side nay be found, 
ani ir eaci cr in? :r:anirtc* -giryigmgxl irr I I&rr FiQPjR 
a*.. :iu ixv*; auoes a7* r ,v ^i xteru^ xiic an£ ie* represented by ^ S Y, 
T" J~ 7\ ^ J? F* &z-ms? in iiiinu- 

-: ma* ns rendH auixnetex uva: x. shun jeng*th of die devefopement 
tt £ snrm. iin* vil. nn: di&r sensing innx the length of the line itself; 
;:i:^*i.r*s liis iinss » i* * u. t c, a::- be. 1 - which are portions of the 
at** ? ojwmxmi* n: in* nee iznes w'A. u. practice be egual to equal 
«rjii".n> afTiis: spra* inemse^'£&. 

iV£* i t Su 1 m or} :w mien: siluaiins ; make the angle 1 hy 
cOiLi :.- zii: ancu iT if J F^ 1 . anc make A i { Ko. 1 ) equal to h k 
v i*ii :\ Mat; kj Sr. 1 eona. tr ia y • Tic. 1\ and join ijr (No. 
i W .11. iz\i dszanr* i > Fie. I rnm'i ("Si- 1) describe an arc at 
a . i-ni u u: ::»e .'.5aa^ t * Fi£. 1 from i ('So, 1 » describe another 
£*v. ii-is'raact-nr uk w-nw ir. *. ioir t .« and prolong jrt to «- 

Pr*i .« t N.x i :r. arr enrrfmien: siroazian : make the angle ust 
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, i":s 1 '■- Miif > ; N.- k i eoxm. tr * : Fj^. 1\ and job a t (So- 2). 
**>':::; ::->- J:>:ai>^ : ^ Fu: 1 fr;«r : . S^ ~ ■ descr&e an arc at v^and 
^ iih ihc tLsC&acf ^ a Fie. 1 rrazr i. Sr^ $ i describe another arc in- 
if rssvilr^ the :7rr^?T :r ^- ."o-r. . t* ani rcoJane 7 r to «- 
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^ big. 1 V. Miie i t . Na. S eqo&. ::t:, Fie- 1 >. and join f p (So. S). 
\Yim the v:.>:*.->cv p r i^F^. 1 :r.xr: r • N.>. S » describe an arc at r, 
and wiih :::e ,V>lldc^ c r v ^- ^ T !=r * x:: f » ^^ 5 ' describe another arc 
iniersectir.^ ihe fjcrxjer iz -. Jrcn r •"« aid pKOongji r to y-t 

Wiih ihe irs^a.i « cjrrasure of tbe bed I:re* drav the corre lioe 
v j ^No. 1 k the curve line » r . Sa. 3 i the curreline q r(Xo.S), &c. f 



* The ar-gles re?rea?=:^i rj K $ }\ r r T. Q X /\ Ac. are iesrwtirelr 




* The reader will c? drub: hire .^hscrv^i :hit the I:r.e* ^ * \o. 1), * a (No. 
2,\ i- y (No. 3;. must be e-qual io e*.h ::ber. because the l:=es b k.' $u.r;. Ac. &c.. 
(dcvelopement of the istnJ^s; are equil t? eiofc other, acd that the lines Ay 
{So. 1 ), m t (N'». 2 J9 z p (No. 3;, &c. are respeetirelv equal to h t, s t, v p, &c. 
(oblique section; : moreover, that the _<, # ^No. V\ 1 1" v Xo. 2>, /• r (Nol 3), &c., 
are resfiectiirely equal to _v s, t v, p r, &•:. [oblique section), and that the lines it $ 
(So. 1), u v (No. 2j,jr (No. 3), &j., are respectirelr equal toks,ur,qr, &c, 
(devolopement of the intrados]. 



PLATE 29.3 ON THE OBLIQUE ARCH WITH SPIRAL JOINTS. 19 

then the angle k s * (No. 1) contained by the curve line k s and the 
straight line s a is the bevel adapted to the first joint ; the angle uv& 
(No. 2) contained by the curve line u v and the straight line v is the 
bevel adapted to the second joint ; the angle q v y (No. 3) contained 
by the curve line a r and the straight line r y is the bevel adapted to 
the third joint, and so on. 

In each case the curved edge must be applied along the arris of the 
stone between the soffit and bed, and the straight edge across the bed, 
in order to draw the line which, when the stone is cut, the surface shall 
be in the plane of the face. 
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ON THE THEORY OF THE OBLIQUE ARCH ; 



PfiOPOSlTION 1. 

To find tlte developement of the curve which is the section of the seg- 
ment of a cylinder mode by a plane, cutting the cylinder obliquely 
to the axes; given the radius of the cylinder, the chord and lieiylu 
of the arc of the right section, and tiie distance of obliquity. 
Let B (Fig. 1) be the middle of the arc ABC, which is [he right 
section of the cylindrie surface, A C being the chord. Prolong C A 
a D, and make A D equal to the length of the arc ABC. Draw 
C H, D E, each perpendicular io C t), making each equal to the dis- 
tance of obliquity. Join A H, and draw B O perpendicular to A C, 
meeting A H in O. Through O draw K d parallel to C D, meeting 
C H in ■ K and D E in d, and draw A L parallel to C H or D E, 
meeting Kd in L. Bisect L d in a, and o L, o d are each equal to 
the length of'the arc B A or B C. 

Let B u be any indefinite port of the arc B C. Draw u w parallel 
to B O, meeting OHinw and intersecting O K'mv. In o d or o L 
makeoar equal to the length of the arc Bu, and draw xy perpen- 
dicular to o d. Make x y equal to v v>, and y is a point in the deve- 
lopment of the curve ; or by calculation thus : — 

Let r be the centre of the arc ABC. Draw u * parallel to C A, 
meeting />' O in «. 
Let b = o L or o d, which is the length of the arc B A or B C, 
x = ox the length of the indefinite arc Bu, 
y = v u>=xy, 
e =z the measure of the arc B C or B A in degrees, &c , 



n i= the chord A C, 

n — C H the distance of obli 



ind Rzz. the radius Vt 



iqmty, 



which i: 



e of the angle u V B. Hut 
i the triangle u V a right angled at*, wc have the angle u V a 
—and the side Vtt=R, to find the side u a. 
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By Trigonometry— 1 : »*-y : : R : - «=0 r={sn. -r~}i?. 

By similar triangles A C £T, Orr: 
-4 C i C H : : Or z car; 

(«xv_ __ «/ . *x* 

■*■■ t)* ' rw=s zy—- t) b - 

m a - ex * 
but r *r=x jr=y : therefore jr= — I sin- -j- IflL 



To drtnr a tanjuaf *» nr cswvr or At pmmt mf\ 

Join CO; through o dra w F G parallel to C O, and FG shall be a 
tangent to the curve at o. 

If the Taloes of x increase bj unity, the values of y are a series of 
sines continually decreasing, shoving that the cnrre is concave to- 
wards the axis ; hence the point © is the point of retrogression. But 
besides this method which is easily understood ; a more general one is 
to differentiate the ordinate a second time, and if its value be negative, 
the carve is concave towards the axis: but if positive, convex. 

The geometrical construction of the p r o bl em has been shown, Intro- 
duction (Prob. xv., page xviiL) 

Pmopositiox 2. 

Given ike radius of ike eytimder, ike iemgik ami kre&dtk ef a spiral; 

tojimd its projection spiral. 

Let B (Fig. 2) be the middle point of the arc A B C, and let the 
breadth of the spiral be equal to the length of the arc ABC- 

Draw BD perpendicular to A C, and make B D equal to the height 
of the spiral. Bisect B D in 0, and in O B or O D from O take O x 
any indefinite part of O B. Draw x jr perpendicular to O B, and take 
the arc B u the same part of the arc B C which the straight line O x 
is of the straight line O B Draw m « parallel to C A meeting B V 
in «. Make xy equal to a m and jr is a point in the curve. 

Or, by calculation, thus : — 
Let a=the straight line B or O D, 

e=zthe measure of the arc B A or B C in degrees, &c. 

xzzzO x any indefinite part of OB, 
and yzzzauzzzxy, 

a : x : : e : L. B V uzzz — • 

a 

Then in the triangle u « V right angled at « are given, the side 

V uzzzR, and the L- * V uzzz — ' to find the side « u ; 

a 

By trigonometry 1 : sin. : : R : * uzzz ( sin. — V R ; 



hence y. 



=•/ An, — ). It, wUiA i 



the equation of the c 






To draw a tangent to die curve at O. 

Draw B F perpendicular to B O, and make B F equal to the 

length of the arc B C. Join F O, anil prolong F to G. Then F 

G is a tangent to the curve at 0, or F G is the development of the 

spiral of which P Q is the projection. 

Proposition 3. 

To find lite section of a spiral surface cut Iry a plane parallel to the 

axis of the cylinder. 
Let B (Fig. 3.) be the middle point of the arc ABC, and let the 
breadth of the spiral be equal to the length of the arc ABC. 

Draw B U perpendicular to A C, arid make B D equal to the 

height of the spiral. Bisect B D \n O, and in O B from O take 

O x any indefinite part of O B. Draw .c y perpendicular to O B,and 

take the arc B «, the same part of the arc B C, which the straight 

line Ox is of the straight line OB. Bra " 

rolong V* to meet B P in u. Make x 

oint in the curve. 

Let o=the straight line O B or O D, 

x=0 x, any indefinite pari of the s 

y=Bu=xy, 

and e=the measure of the arc B A in B C in degrees, Ac 

a; X :;e:LBVu = ?.l 
Then in the triangle V B u right-angled at B arc given— 
The side V B=R, and the angle B Vu=—, to find B 

ex / ex\ 

By trigonometry 1 : tan. — :: R : IS u— 1 tan. — \R, 

Hence #=Ytan. — J, R t which is the equation of the 



v B P parallel to A C, and 
y equal to B u, and y is a 



line B, 



■e at O. 
ind make B P equal to 1 



To draw a tangent to t 
Draw B F perpendicular to B O, 
length of the arc B C. Join F O and prolong F O to <?'; then F G 
is a tangent to the curve at O. The curve p O Q is a section of the 
spiral surface of the bed of a stone. 

ins let e—GO, anil x be respectively equal to 1 , 2, 3, 4 ; then the arcs B u. 
.- .., J a, HC will he ri.'S|'<.'L-tivt'lv lii-, :lV, l.V, (10 , ami lln> valuta of j/ will be 
rtip-ftivelv (*in. 15°)' fl, (sin. 30°)' ff, (sin. 45')' R, (sin. GO')- R. 



' •> — 



r* __':::«?. 




■ur^i viriLi u= "*- _.nr s- max r »*r 




^- j-.irir— :..-.ol -si~-n 1 1* iinz _i ift alius r 

.iir^:-u-- r -isi i ^ i "^ .sum r . aoe »f e- 
^. 4 ^£i. \*-. -in: =x:_z izrcstu : ie- auoiic-.r 

r .a. nL.:;u=--rn:r xc £r :rr=Et* .▼- --racrt =-sa? m it 

mm .-.* i3.y e .n*.. ' ^a irtaat tcii^i. . ami *= t 

j£t 2?:-. i ie ^sur:: -^. -1 -a; -le ■?» 
iinru:** *» - n 7us- zr— t^* .irrrzi±. 

ficr. ainrs r ze .:r:^ ^**j*¥in^ -laxe* at witilciugrus 
t / * V ; ."** :aii r ie jrimw. .- r. jf J ssfinc ne eseci x" 

.■■■•■•a. -—.ar . . 3 -erTer-uic-ur r -1 _/. 3ttf.zn£ j if n F. Jmi 
.-> ", i ^ ...;Eirj:o- .e*Tr=tn. 2i= — .'nt .nu. tot lues* 

." * .sj^-'fi- ± Z 7 r : ^ .■r« ? t*:-:rjtrsis«f r nt ensues* Jt A E F 
*•*> ts'.'z.'.t .-«-. sl: r J "trrrt-n-.ic'i.ar c Z _-" :-iucsuwu «cve« 

* > ,*;%&. Ai« r ;. i 7 i rT.-JJi - life =^£T^ .1 lit -1TC. * ^ '-". Pie 

*.->-.?: : ..-> r -Z a :.- rr ^rr. : ^jl:: -?.:rr.i .-*z a *;iu^i lie : uixx3 

,£ / * l.i> irr-iuirr.. ,7 Lr.ii! r ::=r «?:'^:"^:: ,, i -'.ur*s. nureover Ji V 
a \w. ir*<*g\xu -.r -g-^i ;i He z^tjjecufcs: .'iursws. It ^ ivuienc in 
\.» \*-. t'ldrtptcr^r.x, -t*ai ^r.cs nt 3t*a lata- ire ul serrnsnuicuiar and 

i-'ar./f'fs ^r-."i -iTiii^r tj ::= rr^nirc JJi. ■.£ .he T*anire Eur 
■■■ :■*■ »■ srricf!f; .? „'> .i. r^it :on=?r , ii.*-ion n 'tit je v ti a .up«!nifac jc Che 
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Oblique arch over II "itlington Waggontcay, upon the Newcastle and 

North Shields Railway. 

DESIGNED BY ROBERT NICHOLSON, C. E. 

In this example are given the distance of obliquity equal to 13-63 
feet, the width of the right section of the archway equal to 17-374 
feet, the height of the intratlos equal to 6 feet, the length of each 
springing line equal to 32i feet, and the number of courses equal to 
23 ; to find the requisites for executing the work. 

From the chord 17-374 feet, and the height 6 feet of the arc, wiil 
be found the radius 9-29 feet (Introduction, Page xxsiii, Prob. XXV.), 
and the length of the arc 2246 feet (Introduction, Page xxxi., Prob. 
XXIV.). 

In the triangle A D E right angleil at D are given A Z)— 22-46 
feet, and D £=13-63 feet, to find A E, and thence the radii of cur- 

Now A 2> a =22-46 e =50445 1 6=504-45 feet nearly, 
and D .E 2 =I3-63 2 =I85-7769=185-7S feet nearly. 

A E*=A D 2 +D £"=690-2285=690-23 feet nearly. 

A £ = ^(690 2285 )=26-27 feet nearly. 



Let r=9 29 feetj the 
curvature of the joint li 
of tile bed line spirals. 
AE s Xri 



I of the cylinder, R equal the radius of 
spirals, R' equal to the radius of curvature 



I Introduction, page xlvi., Prob. XXIV. 



"""'— AD* 

AE**rL 
and R'=~Ue7 } 

Now J 4£2xr-690-23x9-29-6412-24 nearly; 

therefore £=64l2-24-i-50445=12-6 feet nearly, 

and fl'=6412-24-j-185-78=345 feet nearly. 

By similar triangles A E D, F E V. 

„ EDXFE 13 63X32 

A E.ED:: FE-.EVz- 



= 16-86 feet. 



A E 26-27 

A V=AE—VE=26-27— 16-86=9 41 feet. 

Then as AE is to V E so is the entire number of courses to the 
number of springers, or springing courses. 

Let a=23 be the entire number of courses, and x the number of 

E VXa 16-86X23 

springers required, AE: E V:: a: z=z - ■ = — ■ ■ — 14'76 ; 

but, as 14-76 is nearer to 15 than to 14, let thei 
15, and the 15 springers 
courses which they support. 

Now 23—15=8, the [lumber of courses, independent of the spring- 
ing courses. 

itnber of courses, 



16-86-f-I5= 1-124 feet, for the thicknt 
nd 9-41-h 8=1.176 feet, the thickni 



of the s 



of the ii 



5 courses. 



- 



am** mmmm 



£x.\ »ru i 
Oo&nw anal anr ffiy A Sow. G***Jumt. «J*m At Brandling 
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la tliis example are given die ■*JVrr~**' rf obliquity equal to 9-166 
feet, die width of the right rrliw opal to 38-75 feet, the height of 
the mtrados equal to 6 feet, the width above the arch between the 
outtide* of the parape t* equai to 26 feet, and the number of course) 



r triangles J C H. Q P H. 
i C ff . : (i P . P H. 



.PH = 



By si 

.-. flQ=^i*^->/ > ff^>=v'*a6 , +fi-15 i >=-a6-7lfeet l which 
,■_.■■■'■_:...= :■ ; .:..::.::- 

From the chord equal to 38-75 feet, and the height of the arc equal 
to 6 feet are (bund the tadhas e*runl to 34-2$ feet, and the length of 
the arc A B C equal ta 1119 feet, which is the breadth of the de- 
velopment of the intrados. 

In the triangle A D E, right angled at D, are given A Z)=4M9 
feet, and D E = C H=9-IS6 feet, to find A £■ 

Now A D* = 4M9* — 1696-6161 — 1696*2 nearly, 

and D £* = 9-166* — S4-0155 = 84- nearly. 
.-. A E-— AD- + DE* = 178*6316 z= 1780-63 nearly. 

.-. A E=v'(l7S0-63l6)=42-197=42-2 feet nearly, which is the 
length of the spiral joint line on the intrados. 

Now A Exr=l 780*3x34-28=6 1039-9964=6 1040- nearly. 

.-. ft=61040H-1696-62=S5-9=36 feet, nearly, 
anil /?'=6104O-=-84=726 7=726 feet, nearly. 

By similar triangles A E D, F E F. ; A E i E D : : F E : EV k 
EDXF E EDxAG_ 9-166x26-71 ^ 



E V- 



AE 



42-2 



5-Sfeetnearly 



'—— — 4 nearly for the number of springers. 



AE ~ 
Then A E : E V;:a :j 
_£Txo 5 8x29 _ 
" *~ AE ~ T2^2~ 
Now 29 — 4=25 the number of whole courses, and A V=A E— 
E F«3*2-2 — 5-8=36-4 feet, which is the breadth of the develope- 
ment of the intrados of the entire courses. 

.-. 5-8-=-4=l-45 the thickness of the springing courses, 
and 36-44-25—1-456 the thickness of the entire courses. 
By similar triangles E D A, E u v. 
ED-.DA.-.Euivv. 

DAxEu 4H 9X1.45., ,. , . ,.. . ,. 

.-. uv= — g-g— - SJ lm 6-d1 feet nearly, which is the 

length of the inclined back of each springer, and 26 71-i-4=6-677 the 
gthofthe bed. 



plate 33.] on the obliuue arch with spiral joints. 27 

Example 3. 

Being one of the four oblique arches of the bridge over the river Tecs 

vpon the great North of England Railway, mar Croft. 

DESIGNED BY HENRY WELCH, C. E. 

In this example are given the angle of obliquity equal to 50°, the 
span of the oblique face equal to 60 feet, the height of the intrados 
equal to 14-5 feet, the distance between the parapets 28-75 feet, and 
the breadth of the courses on the intrados equal to 13 inches. 

In the triangle A C H right angled a.t C are given the angle A H C 
equal to 50°, and the hypothenuse A if equal to 60 feet to find A C 
and H C. 

rad. : sin. H" : : AH: AC. 

.: A C=*'. nH ° XAfI =9m. 50°x60 = -7660x60-_A5-9Gfeet near l y 
rad* 
and rad. : cos. H°: : A H: H C. 
cos. H°xA H 
.-. HC= ^g =cos. 50°X60= 6428 X60.=S8-568 feet 

nearly, which is the distance of obliquity. 

In the right-angled triangle HP Q, are given in the angle P H Q 
or A H Q equal to 50°, and the opposite side P Q equal to 28-75 
feet, to find H Q=A G—E F. 

sin. H" : rad. : : P Q : H Q. 

„ „_rad.xP Q 28-75 28--7S 

■'■ H ^-^Inr7^=luT50=-7 ? 6- 6 =37-53 feet, which » the 
length of the springing line ; hence A G= EF=3T&3 feet. 

From the chord of the ar c equal to 4 J-96 feet, and the height of the 
intradoa equal to 14-5 feet, we shall find the radius of the circle equal 
to 25-46 feet nearly, and the length of the arc equal to 57-32 feet 

In early. 
Now A O =57-32 2 =3285-5824= 3285-58 nearly. 
andP £9=38-578= 1487-6449= 1487-64 nearly. 
--- A E S =A D e +D i?*=4773 -2273 =4773-23 nearly. 
.-- A E =v /(4773 2273)=69- 08 nearly. 
.-. A -£^=4773-23X25- 46 = 121 536-4358. 
.-. -tf=12l526-44-f-3285-58-36-99 feet nearly. 
.-. fl'=121526-44-hl487-64=81-69 feet nearly. 
By similar triangles A E D, FE V. 
A K .Kn..» F . F ,^-E/>XF^_ 38-568x37 54 ,_ 9 
A E 69-08 

Now 69-08 X 124-13=63-7 for the number of courses, say 63. 
69-08 ! 20-95 : ; 63 : ■e=-°.' 95XG3 = : 19-1 = ]9 nearly, which is 
.he number of springers in each abutment. 

.-. 37-SS-s-l9=l-97 feet nearly, for the length of the bed of each 
springer. 

.Em=20-95X12-i-19=13-2S inches, which is the thickness of each 
of the springing courses, or the breadth of each springing course on 
the soffit. 
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Now 63 — !9=44, which is the Dumber of eniire courses, _. 
>9 08-20-95=48 13 fret, is the breadth of the soffit of the entu 



By si mill 
. DA:: Em ,■ 

D JxE* . 



triaogfe* £ D A, E « e 



: 19-66 inches, which 



tan. A F D-. 



:AD.DF=- 




length of the inclined back. 

To find At amfk of the twist. 
In Ihe triangle A D E. right-angled at D, are given D E J 
=38-57, and .-1 D=57-S2 - to find the angle BAD. 

AD-.DE : .l-.ui a .DAE= D Ji= : ^Z=-G7%i=t*n. 

A D 67-32 
In the mangle A D F, right-angled at 2), are given the b. uc 
j4 D=25-46=the radius of the cylinder, and the angle A F D 
equal to the angle D A £=36* 36, to find D F. 

AD _ 25-46 _2546_ 
tan AFD tan.36-56 — 6728~ 
37*84 feel. 

Suppose now the thickness of the arch to be 2 feet 6 inches-=2 5 ; 
then 25-46 4-2-3=27-9fi the radius of the exterior cylinder. 

Produce the side D A of the triangle A D F to J; make D J= 
27-96, and join A F- Then in t he triangle J D F, right-angled at D, 
are given the side J D=27-96, and the side D F= 37-84, to find the 
angle J FI>. 

FD : DJx; 1 i tan.JFD=^jL = 2 l^--73-89= ian . 36*37' 
r D 3 1 -84 

Hence L.J F D—LA F D=LA F J the angle of the twist. 

or 36''27— 38 I 56=2-Sl' the angle of the twist. 

Hut as measures in degrees, &c. are not adopted for the use of 
workmen, it will be more convenient to reduce the breadth at a cer- 
tiiin distance from the angular point to inches 

Suppose the length of each of the winding rules to be 5 feet, and 
the breadth of the parallel one to be three inches ; it will be 

I : tan. 8" 31 : ; 5 : the additional breadth at the greater e 
or 1 : -04395 : : 5 : -21975 feet=-8 64 inches nearly. 

.-. 3+2-64=5-64 inches which is the breadth of the greater end, 
3 inches being that of the less end. 

For the application of those straight edges, see page 8, as a 
' 13, all the six templets are exhibited in plate 26, i 



'nT 



1. No. 2, No. 3, Ac 



I 



EXAMPLE FOR PRACTICE. 

In this example are given the length of the oblique face, equal to 
42 feet, the width of the right section of the arch-way equal to 19 
height of the intrados equal to 7 feet 1 inch, and the dis- 
tance between the external faces of the parapets equal to 14 feet. 
By similar triangles C A H, P Q H. 

AC: AH:: Q P : Q H. 



- QH= 



AHxQP_l2xli 



=30-9473 feet, the length of the abut- 



AC 

ments or springing lines. 

From the chord of the arc equal to 19 feet, and the height of the 
intrados equal to 7 feet 1 inch, will be found the radius of the circle 
equal to 9-912 feet, and the length of the arc equal to 254026 feet 
nearly. 

Now A D B =25-4026*= 645-29208676= 645-3 nearly. 

rand Z>i?9=37-456fi«— 1402-99688350=1403 nearly. 
.-. A E*=A D«+7J £2 = 2048-28897032=2048-3 nearly. 
.-. A £=V( 2 0*8-3)=:45-258 feet nearly. 
.-. 4-ff 1! Xr=2048-3x9-912=20303-75 nearly. 
.-. R=A E 2 Xr+A B 2 =20302-75-M)45-3=31-4 feet nearly, 
.-. R=A E 2 Xt+D Ez— 20302-75-1 403-=l 4-4 feet nearly. 
Then by similar triangles A E D, F E V 
AE:E D::F E : E V 
„ „ B DXF E 37-4566X30-9473 , „ . , , 

-. E V= 2-jr— = jzzxz = 25-612 ft. the breadth 
i 



AE 



45-25H 

of the springing courses on the head of the arch. 

.-. 45 — 26=19, the number of ring stones, independent of the 
springers, and 45-258 — 25-612-19-645 feet, the length of the soffit of 
the independent springers. 

.-. 30.9473-^26=1-19 feet nearly for the length of the bed of each 
springer. 

.•.£u=25-612xl2-^-26=ll-82 inches, the breadth of the soffit of 
each springing course. 

.-. 19-643 \12-h19— 12-406 inches, the breadths of the soffits of the 
ndependent courses. 

And by similar triangles E D A, Em 1 . 
E D : DA : : Eu : uv 
-O^X-E« _25-4026xll-82_ 
' " "^ E D 



8 inches nearly, 



37-4506 
which is the length of the inclined back of each springer. 



ON THE OBLIQUE AM 



Observation. 

To construct an oblique arch entirely of stone, is in some countries 
where it is difficult to procure, very expensive ; however in order to 
build one which will be sufficiently strong at a moderate price, it is ne- 
cessary that the imposts or springings should be of stone, and to have the 
appearance of good work the quoins which form the ring stones, and the 
head of the arch should also be of stone ; then the intermediate parts of 
the courses may be of brick, allowing perhaps four courses of bricks to 
each stone springer, depending on thickness at the abutment. To work 
the springers and the quoin heads, the same templets will be required as 
if the arch had been constructed entirely of stone. The templets are 
described in pages 7, 9, 10, II, 12, 15. Previous to setting the brick 
courses, the boarding or laggings should be truly adjusted and fixed, 
and for the regulation of the work the bed lines should be drawn 
thereon in their true position. In order to try the work as the brick- 
layer proceeds, he ought to use a kind of set square made of thin board 
containing an angle exactly the reverse of the templet No, 3 plate 22, 
and consequently the curved edge will be concave instead of being 
convex, as jn the arch square. In trying any course the set square 
must have the point between the curved and straight edge upon the 
bed line, the curved edge upon the boarding, and the straight edge 
upon the side of the course, the two edges being in a plane perpen- 
dicular to the bed line. The sides of each course being made to 






vith 






of the set squi 



ought to be. In stone courses, if the s 

spiral surfaces of the beds will all agree with i 

fore in this case it will be unnecessary to provide one. 



vill be what it 
i are truly wrought, the 




APPENDIX, 

CONTAINING VARIOUS ARTICLES CONNECTED WITH THE OBLIQU8 



ARTICLE I. 
To find the solidity of at, 



Multiply tlie length of the springing line into the length of the arc 
of the extrados, and this product into the thickness of the arch or 
breadth of the courses, and the last product will be the solidity in 
cubic feet, the dimensions being taken in feet. 

The length of the arc of the intrados is generally given, being neces- 
sary in the construction, and since similar arcs are to one another as 
their radii, the length of the arc of the extrados will be easily found. 

For it is evident that the devolopement of the convex surface is equal 
to the parallelogram, of which the base is one of the springing lines, 
and the breadth equal to the length of the arc which has the greater 

iius, and therefore the solidity may be found by the rule here given. 

Example. 

Let it be required to find the solidity of the arch of which (he de- 
velopment is shown in plate 33, the length of the springing line being 
37*53 feet, the length of the arc of the intrados 57'32 feet, the radius 
25-16, and supposing the thickness of the arch to be 2 j 5 feet, to find 
the solidity. 

Here 25-46+2-5:=27-96 the radius of the convex surface. 

25-46 : 27-86 ; ; 57-32 : 62 91 the length of the arc of extrados. 

.-. 37-53X62'91X2-5-5905'3455 feet, the solidity required. 

This measure, on account of the waste of stone, will not be more 

an sufficient for the arch stones alone, and if the waste in forming 
the springers be considered, the quantity cut away would amount to a 
course of stone equal to the length of the abutment, which ought, 
therefore, to be added to the solidity of the arch. 



To find the angles jot executing an occupation arch with plane 
joints. 

An Occupation Arch is an arch perforating the mound or bank of 
earth raised to carry a railway, the mound being sustained on each 
side by a wall which terminates in a battering face. 

Let the semi-circle A B C be a right section of the arch, E being 
the centre, and A C the diameter. 

Draw E B perpendicular to A C, and draw E D, making the angle 
BED equal to the quantity of batter. Divide the arc A B C into 
as many equal parts as are arch stones, say nine, at the points 1, 2, 3, 
Ac, and parallel to A C draw the lines 1-1', 2-2', 3-3', &c, intersecting 
E D inf, g, h, &c., and meeting the opposite side of the semi -circular 
arc at the points I', 2', 3', &c.. Produce B E to any convenient point 
G, and through G draw P R parallel to A C. In G E make G k, G t, 
G fa, &C| respectively equal to Ej, Eg, Eh, &c, and through the 
points k I, m, Sic. parallel to P B, draw p p', a q', r r', &c. Parallel 
to BG draw A P, 1 p, 2 q, 3 r, &c. ; as also C it, 1 ' p', 2' q>, 3'f, 
Sc. Through the points p, q, r, &c, draw the curve Pp jf«^i' 
/>' R, and from G through the points p, q, r, &c; draw the straigl 
lines G p », G q jS, G ry, &c, and the parts p *,q$,r y, &c, are tl 
joint lines on the battering face. 

In G P take G L of any convenient length, and draw L H, L I, 
L J, &c, respectively perpendicular to G s, G t, G q, &c. meeting 
G s, G t, G q in H, I, J, Sic. Make the angle G LM equal to the 
angle B D E, and draw G M perpendicular to G L. In G L make 
Ga, Gb, Gc, &c, respectively equal to G H, G I, G J, &c. ; join 
a M, b M, c 31, &c, and the angles G d M, G c M, G b M, &c, or 
the angles R d 31, R c M, R b M, &c, are the dihedral angles made 
by the planes of the beds and the planes of the faces of the arch at 
the joints p a , q P, r y. 

In L P make L t, L u, Ln, Lw, respectively equal to L H, L 
LJ, L K; from L with the radius L j/describe the arc 31 z' z y x \ 
draw t x, u y,v z, w z 1 perpendicular to G P ; join L x, L y, L z, L 
s" and the angles P L z', P L z, P Ly, P L x, are the angles made 
by the joint lines of the soffit and the joint lines of the face of the 
arch, or what has been called the angles of the beds. 

The same angles are also to be used for the other half of the arch. 

The reader will here recognize the principles of the trihedral, as 
shown in the introduction (page liv. Prob. xxxviii). The principle of 
this arch is the some as that of an obliquearch theangle of obliquity 
being in a vertical instead of a horizontal plan 
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To draw the plan and elevation of an occupation arch supposing the 
ground on one side of it to have a considerable ascent, and the earth 
before it to be retained by a wall on each side of the approach ; each 
\nall being bttill vpnn a circular phui and terminated in a regular spiral 
urface, meeting the face of the arch in its highest point of elevation. 

Let AB Q /> (fig. 1) be one side of the plan, A Bthe line of the 
outer Face, and P Q that of the inner face, A B and P Q being arts 
of circles described from the centre O; therefore A P, or B Q is 
" e thickness of the coping. 

Divide the arc A B into any convenient number of equal parts at 
the points 1,2, 3, &c, and draw the lines 1-1', 2-2', 3-3', &c., radiat- 
ing to the centre O, and meeting the arc P Q in the points, I', 2 r , 3', 
&c 

In the elevation (Fig. 2), let the ground line A' R' be parallel to 

B on the plan. Perpendicular to A' R! draw A A', B B', C C" 
D D' intersecting A' if in A' It, c, d. Make bB' equal to the height 
of the coping, and make c C,d D each equal to the height of the arch- 
way. Describe the segment C D' to the height of the intrados, and 
e C v D' d is the elevation of the arch-way or aperture. Divide 6 B" 
at the points 1, 2, 3, &c„ into the same number of parts into which the 
■re A B is divided. Parallel to the ground line A' B' draw 1 /, 2 m, 
3 n, &c, and from the point B 1, 2, S, &c, in the arc A B draw lines 1 
a, 2 b, 3 c, &c., perpendicular to the ground A' R' meeting the lines 

1 t, 2 m,$n, &c, in the points, a, t, c, SfC. Also perpendicular 
to A' R' draw 1' /, 2' m, 3' n, &c. From A! through the points a, b, c, 
&c, draw the curve A ab c.B ; also from A' through the points 
I, m, n, &c, draw thecurve Almn ...Q. The curve lines A B , 
A' Q' are the projections of the spiral lines which contain the spiral 
«urface of the coping. The curve Vine p q r s... is the projection of 
the spiral of the bed of the stone which shows in the cylindric surface 
of the wall, and thus the two spiral lines represented by A' a b c ,.B' 
and p q r s... contain that portion of the convex surface of the cylin- 
der which is required to be formed on the edge of the coping. 

If the centre of the circular arcs A B, P Q be in the line B 
which is the wall line of the face of the arch, the spiral surface ter- 
minating the top of the wall will meet the plane of the lace of the arch 
straight line parallel to the horizon ; but if the centre is not in the 
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wall line of tlie face of the arch, the intersection of the spiral surface 
and the plane of the face of the wall will not be a straight line, but a. 
curve inclined in all points to the horizon. In either case however 
the method of forming the copings will be the same. It is a matter 
of minor importance whether the line in which the spiral surface 
meets, the plane of the face of the arch in a straight or curved line or 
whether the line of meeting be parallel or inclined to the horizon de- 
pending entirely on the taste of the workman or inspector. If the 
section which would fit upon the face of the arch be inclined, it may 
be brought to a level by cutting off the projecting point by a plane 
parallel to the horizon. 

Draw the straight line X Z, and make X Z equal to the length of 
the arc A B, and in X Z make V ¥ equal to the length of the arc 
P Q. Draw _Y If perpendicular to X Z. Join W Fand W Z, 
and V IV Z is the angle of the twist. 

Article 4. 

To form the coping stones for the circular wing walls upon the right 
and left, see the plan preceding the plate. 
Having found the angle of the twist Y IV Zas shown in the said 
plate, draw the straight line a e of any convenient length, and with (he 
chord a e and the radius O A or O S (Fig. 1, plate 36,) describe the 
arc ace. Draw a f perpendicular to a e, and make the angle a ef 
equal to the angle X Y IF (Tig. 3, plate 36). Draw e m perpendi- 
cular to a e, and/m perpendicular xafe. Bisect a e, ef/ m, each 
in the point 2. Draw 2 c perpendicular to a e, 2 A perpendicular to 
ef and 2 k perpendicular to fm. Make 2 h, 2 k, each equal to 2 c, 
and describe the arcs e kffk m. 

Then the bed of the stone being formed to the twist, or spiral sur- 
face, as in the oblique arch, tlie narrow face, which is the edge of the 
stone, will be formed to the Ljlindric surface of the wall by the arch 
square No 3, observing that as the face of the wail corresponding to 
the arc A B (Fig. 1, plate 36,) is convex, the curved limb of the in- 
ner edge of the arch square m ust be concave. 

The bed and upper surface of the coping for the left hand cylin- 
dric wall are right hand spiral surfaces, and the bed and upper surface 
of the coping of the right hand cylindric wall are left hand spiral sur- 
faces ; for the plan of the wall on the left hand is the same as the 
plan of a right hand spiral stair, and the plan of the wall on the right 
hand the same as a left hand spiral stair. 



To construct an oblique Arclt in a battering wall. 

t C M K (Fig. 1 ) be the angle of obliquity, FB C the right sec- 

n of the arch, and V W X the complement of the angle of the bat- 

r of the wall or the dihedral angle, which the face of the wall makes 
with the level or horizontal plane of the base. Prolong C Fand M K 
to meet each other in A. 

Then in a trihedral are given the angle FA Koftlte adjacent face, 
and the dihedral angle adjacent, to find (Jie angle of the opposite Jace 
and tlie angle of the obliquejace. 

In A F take any convenient point G, and draw G J intersecting 
A K perpendicularly in H. " In A F mahe G O equal to G H, and 
make the angle G O E equal to t/ie given dihedral angle vwx. Draw 
perpendicular to A G, and through E draw A J, and the angle FAJ 
i> the angle of the opposite face." 

" From A, with the distance A E, cut H I in I, and through I draw 
A L, and the angle K AL is the angle of the oblique face" (as in 
Prob. xxiii. introduction). 

Prolong C Fto P, and make F P equal to the length of the arc 
FBC. Divide the arc F B C and the straight line F P each into 
an equal number of equal parts at the points, 1, 2, 3, &c. From 
the points 1, 2, 3, &c. in the arc F B C draw ) m, 2 n, 3 o, &c. paral- 
lel to A J, meeting E C in the points m, n, o, &c. Parallel to C M 
draw F K, mp,nq,or, &c, meeting K M in K, p, q, r, Sec. Paral- 
lel A L, draw p s, qt, r u, &c , and make pi, q l, r u, &c. respec- 
tively equal to m I , n 2, o 3, Sec, and through the points s, t, w, &c, 
draw the curve K N M, which is the section of the cylinder or the 
under edge of the elevation of the oblique face of the arch. 

Through the points 1, 2, 3, &c. in the straight line E P parallel to 
C M draw 1 p, 2 q, 3 r, &c. Make 1 p, 2 q, 3 r, &c. respectively 
equal to m p, n q, o r, &c. ; through the points K, p, q, r, &-c. draw 
a curve and the curve Kp q r... Q shall be the developement of the 
oblique section K N M. 

Draw the straight line K Q, and having divided it into as many 
equal parts as the courses are in number, and having the length of the 
springing line which is parallel to C M given ; the developement of 
the intrados and all the necessary templets and angles for working the 
stones may be found by proceeding in the usual manner as when the 
two faces are vertical and in parallel planes. 

But in the construction of an oblique arch in a battering wall the 
curve line of the developement of the arch differs more from its line 
of subtense KQ than when the planes of the elevation are vertical and 
parallel; and more particularly so when in the oblique arch with ver- 
tical faces, the less part of the arc of the right section is of the entire 
circle. Oblique arches which have battering faces are therefore not 
so strong as those which have their faces in parallel planes. 
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HTICLE 6. 

five centra, so, that the curve may 
a semi-ellipse of given dimensions. 

Bisect A B In Cbj 
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Let A B (Fig. 1) be equal to the axis maji 
the peodiculsr D E, and make C D equal to the sj 

Draw two straight lines of, as, (No. 2) forming any convenient 
angle. In o t and o s make op, o q each equal to C D, and o r, 
o t, each equal to C A or C B. Join y r anil draw s / and p a parallel 
to q t. Make D E equal to ot,AF and B F' each equal to o u. 

Divide is' C into two equal parts in A, and divide t C, F 1 C each 
into three equal parts, making Eh, F' m each equal to one part, and 
C h,C m will be each equal to two parts. From E through k and m 
draw E c, E d; and from h through /"and F draw h b, he intersecting 
Ec, in 2, and draw h e, intersecting E dia 4. From F, which is the first 
centre, describe the arc A i ; from 2 describe the arc h c ; from E de- 
scribe the uiv i J ; from 4 describe the arc d e ; and from F' describe 
the arc e B. 

Article 7. 

To describe a semi-oval from seven centres, so that Ute curve inay be a 

very near approximation to the figure of a semi-ellipse. 

Let A B be equal to the axis major. Bisect A B in C by the per- 
pendicular D E, and make C D equal to the semi-axis minor. 

Find the points F, P by finding the radius of curvature at the pointi 
A and B, and find the point E by the radius of curvature at D. Thus 
let C D be G feet, and CA or C B be 12 feet ; then by proportion 

CB or C A: CD :: CD : A F=^J¥-= f H=—=3 

CA ia 12 

and C D : C A : : C A i D E=^l=~=~~24> 
CD 6 G 

Make Z> E equal to 21 feet, and in A B make A F, B F' each equal 
to 3 feet. Divide E C into three equal parts at i, A, and divide F C 
as also F ' C into three parts each in the proportion of 1, 2, 3 ; so that 
by dividing F C into six equal parts make Fk equal to 1, k /equal to 
2, and / C equal to 3, as also make F'm equal to I, m » equal to 2, and 
n c equal to 3. From E through I and n draw Ed, E e ; from t 
through k draw i c, intersecting £" <f in 3, and through m draw if, in- 
tersecting £ e in 5 ; and from A through F draw A b, intersecting 3 e 
in 2, and through F draw A $/, intersecting 5 f\a 6, and the seven 
centres are /-', 2, 3, E,5, G,*". From /"with the radius FA describe 
(he arc A b ; from 2 with the radius 2 c describe the arc b c ; from 3 
n'ith the radius 3 c describe the arc erf; from E with the radius Ed 
describe the arc d e, and so on ; then the curves described by the cir- 
cular arcs will be a very near approximation to the semi-ellipse. 

In the same manner may a semi-oval be described from nine, eleven, 
Ac. centres, by always dividing F C, F C each into as many parts as 
ihcrc are equal parts in C E in the proportion of the arithmetical pro- 
gression 1, 2, 3, &c, the first term and the common difference being 
unity. 



ON 



Observatic 



The method here shown of describing a semi-oval which shall re- 
present a semi-ellipse is not so near an approximation as that shown 
page xiii (Introduction J figure 2. This construction is taken from 
a French publication, 1792* ; so that these method* are not 
new. The author of this work has added the method of finding 
the axis which is not shown in the said publication, and indeed it is 
not there intended that the semi-oval shall be a semi-ellipse, but a 
figure of much greater capacity being adapted to the construction of 
the arches of bridges, in order to admit of the passage of a greater 
quantity of water. For instead of finding the axiB A B, CD, fix 
upon the radius A F or B F ' at pleasure ; and take C E equal to 
three times C F or three times C F', Divide C E into three equal 

Earts, and C F or C F' into three parts in the proportion of the Burn- 
ers 1, 2, 3. Join the points of division by the lines k F, i h, E I, and 
the points F, 2, 3, £, 5, 6, F, are the centres. So that if an elliptic curve 
be given or described by any means, the centres for drawing the 
joints perpendicular to the curve may be easily determined. 
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DESCRIPTIVE DEFINITIONS. 39 

face of the work they are represented by lines. In laying a course of 
stones, the joints between every two stones is called the beading joint, 
or simply the joint, and in laying two courses the thin sheet of mortar 
is called the bed joint, and the line which appears in the face of the 
work is called the bed line- 
In the oblique arch the bed lines which are the visible edges of the 
bed joints show a series of spiral lines upon the cylindric surface of the 
intrados, and the developement of these lines becomes parallel straight 
lines, the heading joints are not always arranged in spiral lines, as it 
is not always convenient to procure stones of sufficient length; but 
when this can be done the intrados will have a much more elegant 
appearance. 

Intrados of an oblique arch is the underside or concave cylindric 
surface exhibiting all the joint lines. The cylindric surface 
is contained by four sides of which the two horizontal sides 
are the springing lines, and the remaining two are the quoins of the 
arch ; so that the figure of the developement is a quadrilateral con- 
tained by two parallel straight lines, and two identical curve lines of 
contrary flexure, such that straight lines drawn from the ends of the 
curveB will be bisected by the curves. In the intermediate surface of 
the intrados, the bed lines exhibit a series of equidistant spirals, 
which, when developed upon a plane surface, become as many equi- 
distant parallel straight lines; and when the joints are arranged in 
spirals, they become in their developement also a series of equidistant 
parallel straight lines all equal to one another, being terminated by the 
springers which are parallel. 

Line of subtense, in the developemer.t of the cylindric surface cut 
by the plane of the oblique face of the arch, is a straight line joining 
the ends of each curve which terminate the ends of the developement. 
The lines of subtense determine the position both of the bed and 
joint lines. 

Oblique arch is an arch of which the springing lines are not perpen- 
dicular to the faces. Oblique arches are of two kinds, the one having 
their joints in plane surfaces, and the other in spiral surfaces. 

Quoin of an oblique arch is the arris which separates the intrados 
from the plane of elevation, or, the curve line in which the cylindric 
surface and the oblique face meet each other. The developement of 
the cylindric surface which contains the quoin is a curve of contrary 
flexure, in the form of the letter S, but flatter. The quoin is divided 

the bed lines into parts which are very nearly equal to one another. 

e figure of the quoin is a semi-ellipse or a segment less than a Bemi- 
ellipse when the right section is a segment less than a semi-circle. 

Quoin stones ofanobliquc arch arc those stones which contain the 
quoin, and therefore show a part of the elevation and a part of the in- 
trados. 

Radius of curvature of the section of o cylinder is the radius of a 
circle which shall coincide at least for a considerable distance with the 
curve which is formed by cutting the cylinder by a plane. 
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40 DESCRIPTIVE DEFINITIONS. 

Ring Stonesnrc those stones which form Hie quoin of the arch by 
the meeting of the cy limine surface of the intrados, anil the plane sur- 
face of the face. In the elevation of an oblique areb the bed lines 
which are sections of spiral surfaces, are curves of which the radius of 
curvature is least at each springing, but continually greater upwards, 
till at the summit it becomes infinitely long ; or, which is the same 
thing, the deflection of the curve line joints from straight lines is con- 
tinually less and nothing at the summit. These curved joints have in 
general so little deflection in their length that the greatest distance 
between the straight line and the curve, if not imperceptible, could 
not well be measured except under a magnifying power ; they are, 
therefore, generally represented by straight lines which meet each 
other in a certain point in the minor axis. 

Right section of an oblique arch is a section perpendicular to the 
axis of the cylinder. The length of the arc of this section gives the 
breadth of the parallelogram which coincides with the outline of the 
arch, the distance between the springing lines is equal to the length 
of the arc of the right section. The right section intersects the bed 
lines at oblique angles, so as to make the acute angles equal to the 
complements of the angles of the intrados. 

Springers or imposts are (hose serrated siones which in profile 
form a series ofindentations and risings something like the teeth of a 
joiner's saw. The sides of these teeth from the springing line is a 
portion of the intrados, the cylindric surface of which when de- 
veloped becomes a series of identical right angled triangles, of which 
their longest sides make the entire length of the springing line. Of 
the oilier two sides which contain the right angle of each of these 
triangles, the one is equal to the breadth of the courses, and the re- 
maining one equal to half the length of a stone, supposing the joint 
between every two stones in every course to fall upon the middle of 
a stone in each of the adjacent courses. Itesides the cylindric sur- 
face now explained, every springer exhibits two spiral surfaces, the 
one of which is called the back, and the other the head. The bed of 
a course of springers is in one horizontal plane which is generally be- 
low the springing line. See plate 25, figures 2 and 3. 

Square section of an oblique arch is the same as right section, 
Vossoirs are the arch stones of any arch. In the oblique arch all 
the stones excepting the abutments or piers arc arch stones; those 
in the face are the quoin stones and the remaining ones are the com- 
mon areb stones ; each of the common arch stones must be wrought 
on five sides, four of these sides are spiral surfaces ; two belong to the 
beds and two to the ends ; the remaining side is the face which is a 
portion of the cylindric surface. 
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